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AUTHOR'S NOTE 

It is an error of statement to characterize the whole anny of wireless 
experimenters in the United States aa mere "amateurs." Hundreds of 
men, young and old, who have been classed as wireless amateurs are in 
fact physicists of the highest calibre. They find experimentation in 
radio not only an instructive mode of recreation, but many of them 
engage in the work with serious intentions hoping thereby to contribute 
their mite towards the general progress of the art. That many have 
made good in that respect is a matter of historical record. 

The amateur wireless experimenter is no longer considered a menace. 
His status is now settled. He proved his worth in the recent European 
conflict as Government officials have publicly acknowledged. The 
amateur radio expert today is recognized as a safeguard against possible 
future emergencies. He has the backing of America's foremost scientists, 
the good will of the Army and Navy, and the commercial company sees 
in him a potential engineer or expert operator. 

Wireless Telegraphy is an all-embracing art. It covers in some 
degree the fields of the chemical, mechanical, and electrical sciences. 
No young man can engage seriously in wireless experimenting without 
becoming a keener and more intelligent individual of greater value to the 
community. The amazing growth of the amateur fraternity during the past 
decade is one of the outstanding developments of the twentieth century. 

In the following pages the author has endeavored to acquaint the 
beginner with recent and past practices, laying particular stress on latter 
day developments. It is hoped that the brief treatment of the ele- 
mentary theory of wjreless transmitting and receiving apparatus will be 
meditorial to more mtensive study of the basic principles Although 
many suggestive designs of radio transmitters and receivers are presented 
the reader should recognize the possible latitude of variation from the 
fundamental idea, and use his own initiative in altering the mechanical 
details or even in devising new methods to accord with the material he 
has at hand . 

The author has attempted to point out the particular types of ap- 
paratus and circuits most suited to the amateur station. The vacuum 
tube transmitter and receivers have been given more thasn the usual 
attention. Representative circuits for long distance reception are shown 
and for the first time data on closed loop aerials for indoor reception is 
disclosed. Simple but important radio measurements, such as the 
amateur may carry out with a wave-meter and associated apparatus, 
have been explained. It b hoped that the amateur will investigate the 
direction finder and make use of it for both long and short distance 
-communication. 

Another field for intensive experiment is the application of recently 
developed static eliminators to amateur communications. Here, so fax 
aa the amateur is concerned, is an untouched sphere. 

For a more comprehensive treatment of the mathematical theory of 
radio design many text-books are available which the reader should 
consult from time to time. If the experimenter by perusing this volume, 
gains a better understanding of the equipment he has at hand, or is 
enabled to construct apparatus that, heretofore, he did not understand, 
the book will have fulfilled the author's desire. 

E. E. B. 
New York City, May 1919. 
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CHAPTER I 

ADVICE TO THE AMATEUR 



It is generally conceded that amateur wireless telegraphy had its 
beginning in the United States. In fact the pursuit of the hobby has 
become so widespread that there is hardly a village or hamlet in which 
there is not at least one trailing antenna to show the popularity of the 
art. In all places where amateur wireless telegraphy has made a niche 
for itself the advantages of forming a radio club are sooner or later 
recognized and then arises the question, "How shall we go about it?" 

A radio club should be educational, instructive, and productive of 
advancement in wireless, for it is quite possible that some of its members 
will, in time, develop into radio engineers or become connected with 
allied branches of the art. In any event the members of radio clubs 
r regret the training they will receive by joining wireless organ- 



It was not found feasible in preparing this book to treat separately 
the technical requirements of the organization and individual members; 
consequently the following pages will be devoted lai^ely to instructions 
for the amateur at his home station as well as for the club. The forma- 
tion of a radio club generally follows the rise and stimulation of individual 
interest. Moreover the knowledge gained at home is bound to benefit 
the members of the club organization as a whole. 

Thus, we will first offer advice for prospective wireless club members 
and describe the procedure for the formation of an organization, then 
give a detailed account of a series of experiments with radio transmitting 
and receiving apparatus. 

PRELIMmARir EDUCATION.— It should be kept in mind that an 
interchange of signals between two amateur stations will not be allowed 
unless the owners possess United States operators' license certificates and 
station license certificates. It is obvious that the prospective amateur is 
not qualified to take the examination for an operator's license without 
preliminary code and technical training. 
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lengths and ftequeniiy. 



The apparatus of the amateur who cannot interpret the signals of 
the international continental telegraph code becomes to its owner a useless 
toy and attempts at communication with his friends — even if allowed — 
will result in hopeless bungling. He should, therefore, begin ioimedi- 
ately the practice of the telegraph code. This he cannot do alone. He 
requires assistance from an qmateur friend who has already passed this 
stage of development and who will send to him from a practice buzzer 
for hours at a time. 

It is difficult to recognize the character of the code when sent by 
another and it is a process which requires considerable practice. While 
it is necessary for the beginner to attain a certain degree of proficiency 
in this respect, it is not essential that he wait until becoming a high 
speed telegrapher before entering the amateurs' ranks. In fact when he 
attains a receiving speed of fifteen words a minute he is quite eligible to 
engage in wireless transmission and reception. 

PROnCIENCY m THE TELEGRAPH CODES.— The laws of the 
United Stat«s require that amateurs, before acquiring an operator's license 
certificate, shall be able to transmit and receive in the international tele- 
graph code at the rate of ten words per minute. Irrespective of this 
legislation it would be of little benefit for the owner to possess a radio 
set without the ability to operate it and he would, at the same time, be a 
menace to the profession as a whole. 

The interrupted currents of an electric buzzer, adjusted to a high pitch, 
give, in the head telephone, a very faithful reproduction of wireless sig- 
nals. In fact any device that will impulse a telephone receiver from 
500 to 1000 times per second is serviceable for code practice. 
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Fig. 3 shows a buzzer, head telephone and key connected up for 
code practice; Fig. 4 aoother system for practice by several club members 
simultaneously which differs from Fig. 3 in that a motor is employed to 
generate the telephone signal; and Fig, 5 represents a more elaborate 
plan where two tables, one for the instructor, and the other for the pupils, 
. are connected to a buzzer. The complete wiring is shown. 

In Fig. 3 a line for the head telephones is shunted across the buzzer 
contacts with a 2 microfarad condenser K' connected in series. The 
latter can be purchased from any telephone supply house. The buzzer 
B is energized by the one or two dry cells. The pupil's key (not shown) 
is shunted across the main key K, so that the receiving operator can 
interrupt or communicate with the instructor. 

' To imitate the note of a 500 cycle transmitter the buzzer should be 
adjusted to interrupt the current, say, lOOOtimespersecond. Anybuzzer 
■A may be adjusted to emit a high pitched note if the elastic spring contact 
' on the armature is fastened directly to the iron. The buzzer itself will 
not make much noise, but a very clear and, perhaps, loud tone will be 
obtained in the telephones. Some buzzers are notoriously erratic in 
operation and most difficult to keep in continuous adjustment but there 
M, are several continuously operative types, sold by electrical supply houses, 
'which are very dependable. 
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Fig. 4 shows the preferred system for code practice. The telephones 
P-l, P-2, P-Z are connected across the commutator of a d.c. motor and, 
as usual, a condenser C of about 2 microfarads is connected in series. 
The voltage fluctuations across the brushes produce notes in the tele- 
phones that equal the best buzzers, with the proper type of motor. 
Some motors rotate at such speeds that the voltage fluctuations pro- 
duced by the commutator are above the practical limits of audibility for 
the ordinary telephone. With such types a series rheostat should be 
placed in the line to reduce the speed and, consequently, the frequency 
of the telephone current. 

Many types of motors are suitable for generating artificial radio sig- 
nals, particularly small fan motors. Motors fitted with rocker arms are 
especially desirable as the pitch and the volume of the tone may thus be 
easily regulated. The voltage or the power of the motor is immaterial. 
A l^ h.p. motor will energize a dozen or more head telephones. 

The diagram in Fig. 4 shows several separate code practice circuits 
connected in parallel. They are intended for classes of different speeds. 
Such an arrangement is essential for a mixed class and a circuit of this 
type ought to be installed in the radio club headquarters for use of the 
members. 
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Fig. 5 requires no detailed explanation as it is an extension of Fig. 3. 
The reader should note the position of the shunt variable rheostat R 
which may have a maximum resistance of 100 or 200 ohms. It is used 
to regulate the strength of signals. Radio students should be taught to 
read weak signals as not all wireless telegraph transmission is conducted 
by strong signals. Representative call letters have been assigned to 
the various student positions in Fig. 5 in order to imitate conditions as 
they exist in actual service. 

Numerous other devices and circuits for code practice have been 
suggested or developed. For example the telephones, with a condenser 
of one or two micro'farads capacitance connected in series, may be con- 
nected to the terminals of a 110-voIt d.c. city supply mains, The fiuctua- 
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tioDS of the line voltage are usually of sufficient intensity and of the 
proper order of frequency to give a note of fair pitch in the telephones. 
A telegraph l^ey is connected in series with the telephones for signalling. 







A small high frequency generator, such as is shown in Fig. 6, has been 
employed. A detailed explanation is not essential. The lower magnet 
M is fed with d.c. from the city mains and the revolving iron spider 
closes the magnetic circuit through magnet M-\, periodically. The 
motor should rotate 3600 r.p.m. to obtain a note of high pitch. 

Ordinary telegraph keys are employed in all the foregoing code prac- 
tice circuits. 

TIMELY ADVICE.— The beginner should not attempt the more 
elaborate fields of wireless experimentation until he is skilled in the 
simple methods. Once proficient in the code, he should purchase or 
construct a receiving equipment of elementary design. Since a license is 
not required for a receiving station the receiving aerial may be within 
reasonable limit of any dimensions desired . Here again, the experimenter 
must be guided by a sense of the fitness of things. He requires an ele- 
mentary knowledge of wireless technique. 

The beginner should acquire an understanding of the elements of 
electricity and magnetism if he wishes to operate his instruments to 
good effect. In studying the principles of electricity the author recom- 
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mends that the begiiiner immediately learn the difference between aZtemat- 
ing current and direct current. He should familiarize himself with the 
general conditions under which such currents are handled, particularly 
such knowledge as vdU enable him to judge when a circuit is overloaded and 
what size fuse should be installed to carry a given amount of current. 
The prospective amateur should learn the current-carrying capacity of 
various sizes of wire, thereby making sure that the power circuits at his 
station will not become overheated. 

He should then make a thorough study of the underwriters' rules 
concerning the installation of power circuits, with particular attention 
to the rules for the erection of wireless telegraph apparatus. The under- 
writers' rules vary in different cities and a copy of them can eaaily be 
obtained for reference. 

Summing up the foregoing it will be seen that the experimenter has 
prepared himself in two respects for amateur wireless work: 

(1) He is able to telegraph at a fair speed and is therefore qualified 
to interpret wireless signals, 

(2) He understands the elementary principles of electricity and also 
the fundamentals of radio telegraphy. 

He is now fully Qualified to embark on his initial radio experiments 
and should begin with a simple receiving equipment. The author recom- 
mends to the new-comer the simple two-shde tuner, connected as shown 
in Fig. 7. 

A BEGINNER'S RECEIVING SET.— The set in Fig. 7 comprises 
a single two-wire aerial, a two-slide tuning coil A B, having the sliding 
contacts S-1 and 5-2, a silicon or galena detector D, a small fixed con- 
denser C, (0.001 mfd.) and a high resistance telephone P, Telephones 
of less than 1000 ohms resistance are not recommended for use with 
crystalline detectors. The tuning coil A B should be 8' in length, 3' in 
diameter, wound closely with a single layer of No. 26s.s.c. wire. The wire 
may be baredfor contact with the slider by means of a sharp pointed knife. 

The condenser C may be constructed of 12 sheets of tin foil 3' x 4', 
separated by paraffined paper, 6 sheets being connected in paralld on 
each side. When properly stacked up the sheets may be compressed 
tightly between two boards, connections being brought from the opposing 
plates to appropriate binding posts. 

The aerial or antenna shown in this figure, for the reception of 200 
meter signals, may consist of two or four wires but it should be no moro^ . 
than 100' in length. 

To place this apparatus in resonance with a radio transmitting sta- 
tion, set slider 5-2 at the middle of the coil A B. Take the ^arp- 
pointed contact on the crystal D and touch lightly the crystal. Move 
contact S-1 along the coil until signals are heard. After response is 
obtained from some station move both sliders for louder signals and then 
try a new point on the crystal to see if still louder signals can be obtained. 

Do not blame the apparatus if signals are not heard at once. There 
may be no stations within range in the act of sending. And above all do 
not forget the importance of a good earth connection. Attach the earth 
wire to the wat«r pipes on the street side of the water meter. Make a 
good solid connection and examine it from time to time to see that it is 
not fouled. 
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With a receiving set of this type the student has an opportunity of 
becoming a keen observer of the manner in which commercial and amateur 
wireless telegraph traffic is handled and he obtains thus an excellent 
preliminary education. 

It is difficult to conjecture the receiving range of an amateur's set 
without complete data in regard to the type of transmitting and receiv- 
ing apparatus in use and the local conditions surrounding both the 
sending and the receiving station. 

There are hmits to the length of an antenna for use over a given 
range of wave lengths. It is preferable in all cases for the receiving 
aerial to have a fundamental wave length below that of the transmitting 
aerial of the distant station in order that a sufficient amount of inductance 
may be inserted at the base for coupling to the detector circuit. 

Radio range is dependent upon several variable factors such as the 
antenna current at the transmitter, the damping decrement, local ob- 
structions, absorption, dielectric losses, the type of receiving apparatus, etc. 

An aerial comprising from two to four wires, 60' in height by 70' in 
length, with the wires spaced 2' apart, will have a natural wave length 
of about 160 meters, which is of the correct dimensions to be loaded by 
the insertion of the tuning coil (shown in Fig. 7) to a wave length of 
200 meters. This aerial can be employed for the reception of longer 
waves say, up to 10,000 meters, with the vacuum tube detector circuits 
to he described in another chapter. 
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However it should be bome in mind tliat an aerial having a natural 
wave lei^th of 600 meters is altogether too long for the reception of signah 
from amateur stations working on $00 meters. While the wave length o: 
such an aerial system can be reduced by a series condenser to nearly 
one-half its original value, it never can he cut down to a period of 200 
meters. 

Having progressed so far in his wireless education, the student 
should devote himself diligently to the use of the receiving apparatus, 
and familiarize himself with the methods of communication employed 
by amateurs and commercial stations. He will find that many amateurs 
are accustomed to make use of abbreviated words of the Phillips code and 
he should learn some of those commonly used in practice. 

OSCILLATipN DETECTORS.— It is safe to say that the amateur 
experimenter will employ one of four oscillation detectors, viz: the 
carborundum, galena, or silicon rectifiers, or the three-electrode vacuum (u6e. 

Galena and silicon crystals, while fairly sensitive, are difficult to 
adjust and to maintain in a sensitive condition. Carborundum crystals 
are nearly as sensitive and tend to hold an adjustment over long periods. 
These crystals are in fact extremely rugged and they are preferred above 
all other contact rectifiers for use in stations where a nearby transmitter 
is apt to destroy their sensitiveness. The vacuum tube detectors are 
extremely sensitive, they possess marked stability and will amplify 
incoming radio signals enormously. 

There is no reason for the b^inner who has only been able to cover 
from fifteen to forty miles with his receiving apparatus to feel discouraged 
when he hears other amateurs declare that they have received 200-meter 
signals at a distance of 2000 miles or more. He should bear in mind 
that reception over extremely great distances at 200 meters is only 
possible at night-time, during the months of the year most favorable to 
long distance transmission. In the northern part of the United States 
the favorable period extends from about September 25th to April 15th 
of the following year. The questior as to what results can be obtained 
with short waves and low power sets from the middle of April to the 
latter part of September is problematical. 

With the great development that has taken place in vacuum tube 
amphfiers the amateur b now enabled to increase his range of daylight 
transmission and reception very considerably. 

Many amateurs do not take into account the effect of local conditions 
upon their transmitting and receiving range. For example: if the aerial 
is located behind a steel building, in the tree tops, behind other struc- 
tural steel work, or in valleys, signals from distant stations are not re- 
ceived as well or transmitted as far as with aerials which are erected in 
the open country, free from obstructions, which would tend to absorb 
the energy of passing waves. 

RABIO LAWS AHD REGULATIONS.— The beginner should 
familiarize himself with the general restrictions imposed by United 
States legislation by studying a booklet entitled "Radio Communication 
Laws of the United States and the International Radio Telegraphic 
Convention," which can be purchased from the Government Printing 
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Office, Washington, D. C, This booklet gives full information con- 
cerning the regulations governing mreless operators and the use of radio 
telegraph apparatus at sea and ashore. 

The exi>erimenter should first refer to the pages containing information 
about amateur station licenses, etc. From these he learns that, when 
especially qualified and after at least two years of experience the amateur 
may, in certain districts, secure a special license for an exceptional station. 
Such experimenters, of course, belong to the class of amateurs consider- 
ably advanced in the art In paragraph 65 he finds that general amateur 
stations are res^rieted in transmission to the wave length of 200 meters. 
In the same paragraph it also is stated that if a station is located within 
five miles of a naval station, the wave length for transmitting purposes is 
limited to $00 meters and the consumption of the poiver transformer to 
J^ kw. This station is said to be in the restricted class. A general or 
restricted amateur station must be in charge of an operator having an 
amateur's first grade or amateur's second grade operator's certificate who 
shall be responsible for its operation in accordance with the United States 
regulations. In fact this station must always be under the supervision 
of a licensed naan. For a receiving station, however, no license whatso- 
ever is required. 

Provisional licensee are issued to amateurs far remote from radio 
inspectors. If, after actual inspection, such stations are found to comply 
with the law fully, the term "provisional" is struck out and the station 
is indicated as having been inspected. Amateur station licenses and 
amateur operator's licenses hold good for a period of tivo years, when they 
can be renewed. No fees are required for either license. 

REQUIREMENTS FOR AW AMATEUR'S OPERATING LICENSE. 

— In order to secure an amateur's first grade license certificate, the 
applicant must be familiar with the adjustment and operation of wireless 
telegraph apparatus. He must be familiar with the rules of the Inter- 
national Radio Telegraphic Convention, particularly those concerning 
the requirements in regard to interference. _ He must be able to transmit 
and receive at a speed sufficient to recognize distress or "keep out" 
signals. To qualify for an amateur first grade license, he must be able to 
take down telegraph signals in the international code at a speed of ten 
words per minute. 

For an amateur second grade certificate the requirements are similar 
to those for a first grade certificate, except that the former license is 
issued to an applicant who cannot be examined. If amateurs, for valid 
reasons, cannot appear in person and are able to convince and tatisfy 
the government authorities aa to their knowledge of the subject, a 
license of this kind may be issued. If a license is secured the beginner 
should purchase or construct a simple transmitting set. 

WHERE TO TAKE THE EXAMINATIONS.— Operators' examina- 
tions may be taken at the following United States Naval radio stations: 
San Juan, Porto Rico; Colon and Darien, Canal Zone; Honolulu, 
Hawaiian Islands, and at the United States Army station at Fort Valdez, 
Alaska. 
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Amateurs residing in Washington and vicinity may take examinations 
at the Bureau of Navigation, Department of Commerce, Washington, 
D. C. Examinations are also held at the radio inspectora' offices in the 
followii^ cities: 

CiiBtom House, Boston, Mass. 

Custom House, New York, R. Y. 

Custom House, Baltimore, Md. 

Custom House, New Orleans, La. 

Custom House, San Francisco, Calif. 

Federal Building, Chicago, m. 

Federal Building, Detroit, Mich. 

Z05 Citizens Bank Building, Norfolk, Va. 

2301 L. C. Smith BuUding, Seattle, Wash. 

Applicants should write to the examining officer nearest to their 
station and secure a copy of form 756, the application blank for an 
operator's license, and to the radio inspector for form 757 which is an 
application for a license for a land station. Amateurs at points remote 
from examining officers and radio inspectors can obtain second grade 
amateur licenses without personal examination. Examinations for first 
grade licenses will be conducted by the radio inspector when he is in the 
vicinity of their stations, but special trips cannot be made for this pur- 
pose. Persons holding amateur second grade operating licenses should 
make every effort to take, the examinations for an amateur first grade 
license or higher. 

LAND STATION LICENSES.— To secure a land station license the 
applicant fills out a blank form on which he states the nature, type and 
character of his apparatus. The authorities use this information in 
making calculations to determine the probable wave length and range 
of the set. In their final decisions they are not guided wholly by the 
type of the set alone but by the local conditions surrounding the station 
and the probable interference that it will set up. The license once 
granted the beginner may communicate with other amateurs, happy in 
the feeling that he has moved up a round on the wireless ladder. 



>dbyG00glc 



CHAPTER n 
THE FORMATION OF A RADIO CLUB 

It is not diificult for amateurs to get in touch with one another, as a 
rule, for aa soon as a new station has been erected and the owner begins 
to operate his set other wireless enthusiasts communicate with him. 
Names and addresses, which are among the chief requisites in the pre- 
liminary plans for the organization of a radio club, can be obtained easily. 

HOW TO GET TOGETHER.~In a community which is without a 
wireless oi^anization the amateurs should meet and compose a letter 
inviting those in their neighborhood interested in the art who wish to 
join a radio club to correspond regarding the subject. This letter should 
be sent to the National Wireless Association, 233 Broadway, New York 
City, with a request for its publication in The Wireless Age. After it 
has been published a letter should be sent to prospective members of 
the organization, giving the name of the place where the first meeting 
of the club will be held and the date. 

It is the purpose of the National Wireless Association to aid in 
forming radio clubs in communities which lack them.. Officers of the 
organizations will be admitted to the council of the National Wireless 
Association and arrangements will be made for the clubs to affiliate with 
military companies as accredited members and officers of signal corps 
which plan to hold summer military encampments. 

The following brief outline of the parliamentary procedure in general 
practice will serve .as a guide to amateurs. The outline for the con- 
stitution for a radio club has been made as brief as possible, but nothing 
essential has been omitted. No reference has been made to by-taws. 
In reality they are amendments to the constitution and may be adopted 
from time to time at the business meetings. Amendments generally 
refer to the duties of committees, enlarging or diminishing their powers. 

TEMPORARY ORGANIZATION.— At the first meeting a temporary 
organization — a preliminary step to a permanent oi^anization — should be 
formed. One of the amateurs present should rise and suggest that a 
chairman of the meeting be named. It is generally the custom to take 
a quick vote, 'and if the majority c^ree on some one individual he im- 
mediately may be considered elected and should take the presiding 
oncer's chair. This appointment «hould be given preferably to one of 
those who aided in composing the letters to prospective members. 

The chairman should be supported by a recording officer, whom he 
may appoint directly. The recording officer, who is known as the 
12 
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secretary for the temporary organization, should make a complete record 

of the proceedings of the meeting. 

The chairman should then call the meeting to order. He should 
deliver a brief address, stating the object of the meeting and inviting 
discussion on the subject. 

An amateur should rise, addressing the chairma (if he is not known 
he should give his name) and be permitted to have full opportunity to 
state his views — the possibilities and impossibilities of the enterprise 
under consideration and the advantage of taking active steps towards 
forming a club. All of those at the meeting may voice their opinion 
regarding the subject in this manner 

If the consensus of opinion shows that an organization is desired, it 
is in order for one person present to present a resolution which, for ex- 
ample, may be introduced as follows: 

Amateur addresses the Chair: "Mr. Chairman." 

The Chairman acknowledges his right to the floor by calling his name: 
"Mr. Smith." 

Mr. Smith, to the Chair: "It seems tc be the general wish of those 
present tonight that a radio club be formed. I therefore propose that 
active steps be taken at once for the formation of such a club among the 
amateurs of this city." 

The Chairman repeats the motion to the audience, and says: "The 
motion is now open for discussion." 

If no discussion takes place and no objection is offered, the Chairman 
says: 

(1) "All those in favor of the resolution respond by saying aye." 

(2) "All those of a contrary mind say nay." 

If the ayes and nays seem about equal a vote by count should be taken. 

Several committees may now be appointed. It is often customary 
to appoint a Resolutions Committee first. The members of this com- 
mittee may be appointed directly by the Chairman, or, if those present 
80 desire, by a general vote. 

It is the duty of the Committee on Resolutions to draw up a definite 
statement, pla;cing in the form of a series of resolutions the general 
desires of the founders of the organization. The committee may with- 
draw from the meeting in order to decide upon the form in which the 
resolutions are to be put to the chair and then ask that they be acted 
upon by those present in the regular manner. 

A second committee, to be known as the Committee on Nominations, 
may be formed. The members of this committee may be appointed by 
the chair if those present at the meeting so desire. It is the duty of the 
members of the Nominations Committee to suggest or to place before the 
meeting, for nominations, the names of amateurs for election as officers 
of the permanent organization. 

A third committee, to be known as the Rules and RegvIaHons Com- 
mittee, should be appointed. The duties of the members of this com- 
mittee include drafting a constitution and by-laws for the permanent 
organization. 

Before the permanent organization is founded, a fourth committee 
should be formed to determine the eligibility for membership of those at 
the temporary meeting. This committee may have full power to in- 
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vestigate and determine in whatever way it sees fit whether or not those 
who wish to join are ehgible. 

It is understood, of course, that the committee will carry out the 
ideas of the members of the club. It ia suggested that no one should 
be allowed to join the club as a full member who has not been actively 
connected with amateur radio telegraphy for at least one year. It should 
be further stipulated that in order to be eligible for membership the 
applicant must be thoroughly familiar with the Untied Stutea laws 
pertaining to amateur radio telegraphy, (Copies of these rules and 
regulations can be secured from the Department of Commerce, Wash- 
ington, D. C, or the district radio inspectors. 

All committee reports must be presented to the chair for reading by 
the recording officer. It is then in order for some one at the meeting to 
present a motion for adoption or acceptance of the report of the com- 
mittee. When amotion is offered it must be seconded by another person. 
After it has been seconded a vote should be taken to determine the 
general sentiment of those present. 

Ab a rule, it is advisable that the meeting of the temporary oi^niza- 
tion be held first and the appointment of committees msLde as suggested. 

THE PERMANENT ORGAIOZATION.— The affairs of the perma- 
nent organization can be handled at a second meeting. This will give 
the various committees sufficient time to carry on their deliberations 
properly. It is, however, possible to effect the entire organization at one 
meeting, although better results will be obtained if the founding of the 
permanent organization is postponed to a later date. 

When the permanent organization is to be effected, the various 
committees previously mentioned should report to the chairman . Usually 
the chairman of each committee reads his report before the entire as- 
sembly and the chairman of the temporary organization requests that 
action be taken. 

The Membership Committee should offer its report first. It should 
name those eligible to membership in the club, and a general vote of all 
present should be taken. If there are any present who a're not eligible 
to membership they should leave before further business is taken up. 

The Rules and Regulations Committee should report next, stating 
clearly the constitution for the club. An outline of a constitution suited 
to general needs follows: 

Article I. — Sec. (1). The uame of this association shall be The 
Radio Club of New York City, or The Cleveland Wireless Club, or The 
Allied Amateur Radio Clubs of Chicago. 

Sec. (2). The object of this club shall be the bringing together of the 
amateurs of this city who are interested in the advancement of radio 
telegraphy and desire to become more familiar with the radio art. Pro- 
gressiveness shall be the keynote of this organization, and a general 
diffusion of knowledge pertaining to radio telegraphy its endeavor. 

Article II, Club Membership.— Sec. (1). The membership of this 
club shall be divided into two classes — full members and students. 

Sec. (2). Full members shall be those who have been actively con- 
nected with amateur radio telegraphy for at least one year and are able 
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to receive messagea in the Continental telegraph code at a speed of at 
least £ve words per minute. 

Sec. (3). Students are those who have had no previous connection 
with amateur radio telegraphy, but are interested in the art and who, in 
order to familiarize themselves more fully with radio apparatus, desire 
to join a radio club. 

Sec. (4). A full member shall not be less than sixteen years of age, 
and a student not less than twelve years of age. 

Article m, Fees. — Sec. (1). The entrance fee (payable upon admis- 
sion to the club) shall be $1 for full members and fifty cents for students. 

Sec. (2), The annual dues for full members shall be S2, and for 
students $1. 

Article IV, Offlcers.— Sec. (1). The officers of the club shall be a 
President, Vice-President and Secretary-Treasurer. The latter office 
shall be filled by one member. 

Sec. (2). The President and Secretary-Treasurer shall be elected for 
six months and the Vice-President for one year. The President and 
Secretary ^Treasurer shall not be ehgible for inunediate re-election to the 
same office. 

Sec. (3). The terms of the officers elected at any Einnual meeting 
shall begin on the second meeting of the club following the election. 

Article V, Election of Officers. — Sec. (1). Election of officers shall 
take place once every six months. 

Article VI, Management of Radio Club. — Sec. (1). The management 
of the radio club shall be in the hands of the President, Vice-President 
and Secretary-Treasurer, who, in addition to their regidar duties, shall 
be known as the Board of Directors. 

Sec . (2) . The Board of Directors shall direct the care and expenditure 
of the funds of the club, shall receive and pass on all bills before they are 
paid by the Secretary-Treasurer, and shall decide upon the expenditure 
of all moneys in various ways. 

Sec. (3). The Board of Directors shall from time to time adopt a 
series of by-laws which will govern the procedure of the various com- 
mittees which are later to be formed. 

See. (4). The President shall have general supervision of the affairs 
of the club under the direction of the Board of Directors. The President 
shall preside at the meeting of the club and also at the meetings of the 
Board of Directors. 

Sec. (5). The Secretary-Treasurer shall be the executive officer of 
the radio club, under the direction of the President and Board of Direc- 
tors. The Secretary-Treasurer must attend all meetings of the radio 
club and of the Board of Directors, and record the proceedings thereof. 
He shall collect all membership fees due to the club, and shall give re- 
ceipts for them. He shall have charge of the books and accounts of the 
club. He shall present, every three months, to the Board of Directors, 
a balance sheet showing the financial condition and affairs ol the club. 

Sec. (6). Three committees shall be formed: 
(1). A Library Committee. 
(2). A Meetings and Papers Committee. 
(3). An Electrical Committee. 
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It shall be the duty of the Library Committee to keep the members 
of the club familiar with the latest articles pertaining to wireless tele- 
graphy appearing in various publications, and to see that the literature 
and books of the club are properly kept on file. 

The Meetings and Papers Committee performs the most important 
function of all. It shall be the duty of the members of this committee 
to make the meetings of the club of Interest to all, particularly as re- 
gards intellectual development. It shall be their duty to make the 
meetings of scientific and electrical interest to the members of the club, 
and they shall do all in their means to enhance the knowledge of the 
members of the club in matters pertaining to radio-telegraphy; they 
shall also see that once each month a paper is read by an amateur mem- 
ber, chronicling interesting experiments which he has performed or 
suggestions he has to make. 

The Electrical Committee shall have direct charge of all the experi- 
mental apparatus in use by the club. The members of the committee 
shall see that the apparatus loaned by various members of the club is 
well taken care of. The Electrical Committee shall conduct all experi- 
ments and shall see that these are performed in a scientific manner. 

Article Vn, Business Meetings. — Sec. (1). The semi-annual busi- 
ness meeting of this radio club shall be held on the first Tuesday in 
November and on the first Tuesday in April of each year. At this 

meeting a report of the transactions of all meetings of the previous year 
shall be read and the semi-annual election of officers shall take place. 

Article Vni, Club Meetings. — Sec. (1). The r^ular meetings of this 
club shall be held on Tuesday night every week throughout the year. 
Every fourth meeting shall be devoted to the reading of a paper on radio 
telegraphy by one of the members present. 

After the constitution and by-laws have been agreed upon and ac- 
cepted by tfce members present, it will be in order for the Nominations 
Committee to present to the chairman a report on the nominees for the 
various offices to be filled. If the nominees are accepted, a general 
election by ballot shall take place. These officers should be elected in 
accordance with the constitution and by-laws adopted. 

THE HOME OF THE CLUB.— A radio club should, if possible, 
maintain quarters of its own. It is possible in the majority of cities to 
secure a room at a low price in one of the less prominent buildings upon 
which may be erected an antenna of fair dimensions. If the finances of 
the organization will not permit this, it is best that the meetings be held 
at the station of the member having the best facilities for the accommoda- 
tion of the members and an antenna well suited for their experiments. 

THE ANTENNA. ^It is particularly important that the club room 

be located where it will be possible to erect an antenna. There should 
be two separate and distinct antennae, one of the inverted L, flat-top type, 
about 80 feet in length by 40 feet in height. This aerial will permit radia- 
tion at the wave length of 200 meters to comply with the government 
law. The second antenna may be swung parallel to it and may be of 
any length up to 500 feet. The longer antenna should be used for the 
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purpose of receiving the longer waves of the various high power stations 
located in the United States and abroad. The shorter antenna should 
be used only for the purpose of sending to and receiving from amateur 
BtationS' 

INSIDE THE CLTJB ROOM.— In the club room there always should 
be on hand a file containing copies of the latest magazines. The ap- 
paratus room should contain a black board to be used in the drawing 
of circuit diagrams to explain the working of wireless apparatus. 

The members of the club should raise a fund to be devoted to the 
purchase of books dealing with the technical side of wireless telegraphy. 
These should be added to from time to time until the library is quite 
complete. 

A series of maps showing the location of wireless telegraph stations of 
the world can be purchased from the United States Department of Com- 
merce. It is suggested, too, that one of the members of the club who 
has some skill as a draughtsman, draw a map of the section in which thfe 
organization is located. The stations of the various members and the 
distance from the quarters of the club to each station should be indicated 
on the map. 

THE WORKSHOP.— The workshop of the club should adjoin the 
radio station. The tools and materials for the latter can be contributed 
by the members of the club or purchased by a fund collected specifically 
for this purpose. No apparatus should be constructed in the wireless 
station proper. All work of this nature should be done in the workshop 
and after the experiments have been completed the apparatus should 
be taken to the radio room to be tested. This room should contain a full 
set of electrician's tools, including an electric soldering iron and a first 
class work bench. Additional material necessary will suggest itself 
from time to time, and it may be supplied individually or purchased by a 
fund collected for the purpose. 

The radio club, of course, should have a substantia! drawing table 
with a full set of instruments necessary for the drawing of circuit dia- 
grams, the plotting of resonance curves and the laying out of plans for 
the construction of apparatus. 

A COMPLETE EQUIPMENT DESIRABLE.— Interest at the club 

headquarters will be maintained if the radio station is fitted with a fairly 
complete equipment. It is somewhat difficult to give advice applicable 
to each organization as to how much apparatus to install. The question 
undoubtedly will be governed largely by the amount of funds available. 
However, every radio club should, if possible, possess the following: 

An efficient 200-meter amateur transmitting set. 

A transmitting aerial of the proper dimensions for the radiation" of 
energy at this wave length, 

A 200-meter receiving set for communication with local enthusiasts. 

An accurate wave meter having a range of from 200 to 3,000 meters. 
If possible a second wave meter having a range of from 3,000 to 10,000 
meters should be provided. 

An aerial hot wire ammeter. 
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A supersensitive long distance receiving set capable of giving response 
to damped and undamped oscillations. 

A receiving aerial from 500 to 1,500 feet in length for use with the 
long distance set. 

A buzzer tester. 

A complete buzzer practice system. 

The following communication f:om the Department of Commerce 
requires the earnest attention of the officers of radio clubs: 

"Radio station licenses can only be issued in the name of the club if it 
is incorpo:ated in some state of the United States; otherwise the license 
must be in the name of some individual of the club which will be held 
responsible for its operation. 

"Radio clubs having a club station should apply to the radio inspector 
of their district for the assignment of an official call signal which must 
be used for all radio communication." 
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CHAPTER ni 

ELEMENTARY PRINCIPLES OF THE RADIO TRANS- 
MITTER—ELEMENTARY THEORY OF DESIGN- 
INDUCTANCE COMPUTATIONS-TRANSFOR- 
MER DESIGN— THE THEORY OF SPARK 
DISCHARGERS 

It is difficult to separate the educational requirements of the in- 
dividual from those of the Radio Club as a whole. In the author's opin- 
ion one of the most important functions of the club is to disseminate 
ideas. Club discussions, the reading of technical papers and the con- 
duction of public experiments, tend to stimulate progress by extending 
the knowledge of the individual. Often the experimenter is in a quandary 
on some technical point but after listening to a paper or discussion 
between members, he goes away with knowledge a point in advance of 
what he possessed before. Misunderstandings in some technical point 
are thus frequently brought to light and the benefit to the radio com- 
munity as a whole cannot be overestimated. 

Beginners will soon find out that apparatus for radio transmission 
and reception involves advanced technical considerations. The working 
of the apparatus is based upon fundamental electrical principles which, 
in the design of a set, must be obeyed to the letter if any useful results 
are expected. A thorough study of the elements of electricity and 
magnetism is the first essential. Knowledge of the principles of low 
frequency alternating currents is next in importance. Then comes the 
study of radio frequency currents. The author may then be pardoned 
for abruptly dropping the subject of wireless tel^raphy from the stand- 
point of the club as a whole, and treating it technically for the benefit of 
the individual for he has learned that the experimenter is primarily in- 
terested in the design of a good wireless transmitter and receiver. If an 
individual, through personal study and experimentation, obtains some 
unusual results the members of the club will soon hear of it and nothing 
gives the experimenter greater joy than to report the details of some strik- 
ing achievement to his fellowmen. Thus, what benefits one, benefits all. 

A brief treatment of the theory of radio transmission and reception 
will follow. The design of amateur apparatus will be discussed in an 
elementary way. 

ELECTRIC WAVES AND HIGH FREQUENCY ALTERNATING 
CURRENTS. — Radio telegraphy is conducted by means of electric waves 
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and electric waves are generated by alternating currents. In practice 
tliese currents are of very liigli frequency, particularly the waves of short 
length used by amateurs. 

The length of an electric wave is easily determined when the fretjuency 
of the alternating current is known. For if we divide the velocity of 
electricity which is computed to be 300,000,000 meters per second, by 
the frequency of the current the result is the length of the electric wave. 
Conversely & we divide the velocity of electricity by the length of the 
wave we obtain as a result the /re^wency of the alternating current. 

Thus amateur stations are limited by U. S. statute to the wave length 
of 200 meters. The frequency of the current for generating these waves is 

^. , 300,000,000 , r™,™^ . J T» 

therefore ^~ or 1,500,000 cycles per second. If we compare 

this number with the frequency used in ordinary power work — 60 cycles 
per second— it is clear that the apparatus for generating currents of radio 
frequencies must be of a special type. The laws governing radio fre- 
quency currents, however, are not very different from those surrounding 
low frequency currents except in respect to certain phenomena which 
have been brought to light since Marconi's basic discovery. 

We arbitrarily call current of frequencies above 10,000 per second radio 
frequency currents; those below 10,000 per second audiofrequency currents. 
It is a striking fact, of which considerable note will be taken further on, 
that currents above 20,000 cycles per second are not audible in the 
telephone receiver, for the ear will generally not respond to sound vibra- 
tions above 20,000 per second. 

The lowest frequency so far used for wirelras transmission is 15,000 
cycles and the highest runs into millions. The first named frequency 
corresponds to the wave length of 20,000 meters, or a wave whose length 
is approximately 13 miles. On the other hand the wave length of one of 
Marconi's early typos of transmitter has been computed to be a few 
centimeters and the current frequency runs into billions. 

Commercial wave lengths in radio lie between 300 and 20,000 meters; 
the corresponding frequencies vary from 1,000,000 cycles down to 
15,000 cycles. 

It is clear that in designing a wireless transmitter for amateur use, 
the first consideration is the construction of apparatus to generate oscillfk- 
tions at a frequency of 1,500,000 cycles. 

THE ELECTRIC WAVE RADIATOR.— The wave maker at the wh-e- 

less transmitter is called the antenna which is an elevated, insulated 
conductor varying in shape and form. The antenna may consist of 
a number of vertical wires attached to the top of a mast or tower; or it 
may have a portion vertical and the remainder horizontal; or it may 
assume the shape of the ribs of an umbrella. 

The antenna is more commonly called the "aerial" and thus we have 
the "vertical" aerial, the "inverted L flat top" aerial, the "T flat top" 
aerial, the umbrella aerial and other modified forms. 

The lower end of the aerial is usually connected to earth through the 
medium of a good ground plate, but it is not necessarily so connected. A 
so-called ground capacity or counterpoise may be used. It consists of 
eeveral wires spread over the surface of the earth or even insulated from the 
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earth. A combination of the imbedded earth plate and the counter- 
poise gives tlie beat results. 

It is a fundamental principle of wireless telegraphy that if we generate 
high frequency currents and cause them to flow in an elevated conductor, 
more commonly called an open circuit oscillator or antenna, electric wave 
radiation automatically takes place; but for intensive radiation the 
electrical constants of the oscillator must bear a definite relation to the 
frequency of the applied current. This relation will be explained in a 
followii^ paragraph. 

The flow of currents in the elevated conductOT or capacity is ac- 
companied by electromagnetic and electrostatic fields, a portion of 
which is detached from the radiator. These two fields constitute the 
electric wave. Fig. 115 shows the electrostatic field for a few cycles of 
aerial current and Fig. lie a complete cycle of the electromagnetic field. 

In transit these two fields are at right angles to each other and to the 
direction the wave is travelling. They are radiated outward at a velocity 
of 186,000 miles per second, or 300,000,000 meters. Actually the 
phenomena surrounding the detachment of the two fields are more com- 
plicated than they appear here but the two drawings serve to indicate the 
process of wave radiation in an elementary way. 

If another elevated capacity or conductor (known as the receiving 
aerial) be erected miles distant, the magnetic and static components of 
the advancing wave motion act to induce in the aerial currents of the 
same frequency as flow in the transmitter aerial. The receiving aerial 
must have the same natural time period of electrical oscillation as the 
transmitter aerial, to receive any considerable distance. In other words 
the receiver must be tuned to the transmitter as will be explained in 
detail in a following paragraph. 

GENERATORS OF RADIO FREQUENCY CITRRENTS.— We may 
now center our attention on apparatus for generating high frequency 
currents. The lowest frequency so far employed for practical electric 
wave transmission, to the author's knowledge, is 15,000 cycles, the 
highest a little less than 3,000,000 cycles. Theoretically, electric wave 
radiation occurs at all frequencies from the lowest to the highest, but 
aerials of enormous length would be required to radiate at frequencies 
below 10,000 per second. On the other hand the wave radiator for very 
short wave lengths must be exceedingly small. During the European 
war very successful commimications were carried on over short distances 
at the wave length of 3 meters. The frequency of the antenna current 
was 100,000,000 cyclesl 

Frequencies up to 200,000 cycles may be generated by dynamos. 
An example of such machines is the 2 kw. Alexanderson radio frequency 
alternator, the armature of which rotates 20,000 r.p.m.I The design of 
such a dynamo introduces many difficult mechanical problems and the 
construction is very expensive. Besides this, a current of 200,000 cycles 
would radiate at the wave length of 1500 meters, which is more than 
seven times the wave length alloted to amateurs, i.e., — 200 meters. 

The Poulsen arc generator works well at frequencies up to 200,000 
but 19 unsuitable at 1,500,000 cycles required for amateur transmission. 

The vacuum tube generator works well at all frequencies from ^ cycle 
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to 20,000,000 per second. There is every reason to believe that it will 
be used by amateurs in increaaii^ numbers. 

Spark systems of transmission are mostly used among amateurs and 
will first be considered. The apparatus in this method is not so com- 
plicated as that of other systems and the material for construction is 
more readily obtained by the amateur. The spark transmitter requires 
neither the elaborate machinery nor the technical skill demanded by 
other systems. 

PRODUCTION OF DAMPED ELECTRICAL OSCILLATIONS.— 

An electrical oscillation circuit possesses the qualities of inductance, 
capacitance and resistance. The last najned quality is undesirable, 
but an invariable accompaniment of an electrical circuit. 

A circuit made up of an inductance and a capacitance in series will, if 
impulsed periodically by an externally applied electromotive force, 
osdilate at a radio or an audio frequency, dependii^ upon the magnitude 
of the product of the inductance and the capacity. 




Fig. 8 represents such a circuit. L is a simple coil of wire and C a 
condenser consisting of interleaved parallel conducting plates such as 
copper or tin foil insulated from one another by air spaces, by sheets of 
glass or mica, or by any of the well known insulators. An impulsing 
circuit comprising a battery B and a key K, is shunted across L. Upon 
closing K, current flows through L and a magnetic field encircles the 
turns of the coil. The condenser C receives a charge varying as the 
e.m.f, of the battery. Neither the current in the coil nor the charge in 
the condenser reaches its maximum value instantaneously. A certain 
interval of time is required to fulfill these conditions. 

The condenser exerts a back pressure or e.m.f. on the battery B, 
but since their e.m.f. 's are equal the condenser cannot discharge until 
the battery B is disconnected. If key K is then opened, the magnetic 
field about L collapses, induces an e,m.f. in L which gives a further 
charge to C after which C begins to discharge back through L. When 
C is completely discharged the field created around L collapses setting 
up an e.m.f. which charges C in the opposite direction from that in the 
first instance but with less intensity, for the energy supplied originally 
to the circuit is gradually dissipated. 

Several cycles of current traverse circuit L C before the energy of 
the original charge is completely used up. Oscillations of decaying 
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amplitude are generated as shown in Fig. 9. If L and C are properly 
chosen the current may oscillate at frequencies rai^;ing from audibility 
to a million or more. 

Such groups of oscillations are called damped ostnUalions and the 
rate at which the amplitudes decrease is expressed by the "logarithmic 
decrement," If K is opened and closed rapidly, say 500 times per 
second, 500 groups of damped oscillations will be generated in the circuit. 




The total energy in watts stored in L C, Fig. 8, during the charging 
period is the sum of the enei^ies stored in the condenser and coil, that is 



- for the condenser, 



F— 2-forthecoiI. (2) 

C is the capacitance of the condenser in farads, L the inductance of the 
coil in henries, / the final current in amperes flowing through L, and E 
the electromotive force in volts. It is evident that the energy in the 
condenser increases aa the square of the voltage, and the energy in the 
coil aa the square of the current. Powerful oscillations are produced 
in radio telegraphy by high volt£^es— 15,000 to 30,000 volts. 

We cannot produce powerful oscillations in the circuit of Fig. 8, for 
the voltage drop across the inductance of a radio frequency coil is con- 



siderable and the available* e.m,f. to charge the condenser therefore 
relatively small. For effectiveness the inductance should be discon- 
nected from the condenser during the charging period and re-connected 
for discharge. 
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If a high voltage charging e.m.f. is employed, a special switching 
arrangement is not necessary. We may include a spark gap S in series 
with the inductance and condenser as in Fig. 10 and connect the con- 
denser to the secondary of a high voltage transformer. When the 
potential difference across the condenser terminals reaches a maximum, 
the gap jS, if of the coirect length, will be ruptured, and will become 
temporarily conductive permitting the passage of a few cycles of radio 
frequency currents around the circuit LC S. 

If condenser C is connected to a 500 cycle high voltage transformer 
and the gap discharges the condenser once for each half-cycle of the 
charging current, 1000 groups of radio frequency oscillations will flow 
in circuit LCS. The frequency of the oscillations in LCS, may be 
varied either by a change of L or C 

A reduction of the capacitance of C increases the oscillation frequency. 
Cutting out turns at L effects the frequency in the same way. Ignoring 
resistance, the oscillation frequency of the circuit L C is determined from 

f-2¥7T75 (« 



L is the inductance of the coil in henries and C the capacitance of the 
condenser in farads. Hence if L = 0.0001 henry and C = 0.0,000,001 
farad. 



i V 0.0001 X 0.0,000,001 



A more practical unit for capacity is the microfarad, 



' 1,000,000 



farad. 

The microhenry and the centimeter also are more practical units to 

express inductance. 1 microhenry =T 7uMiiutti henry and 1 centimeter 
l,uUU,UUU 

"1,000,000,000 ''^"^' 

If L be expressed in centimeters and C in microfarads, L in formula 
(3) must be divided by one billion and C by one million. It then becomes 

y LC ^ ' 

Again if L be expressed in microhenries and C in microfarads, then 

J, 300,000,000 



It is important to note that the frequency of circuit L C S has nothing 
to do with the frequency of the charging current (which impulses the 
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condenser). No matter whether C is chained 100 or 1000 times per 
Becond, the frequency of LCS varies inversely as the product of the 
inductance and capacitance of the circuit. 

Suppose we desire to design circuit LC S to oscillate at approxi- 
mately 1,500,000 cycles. Letting L = 1840 centimeters and C = 0.006 
mfd. (an average value for amateur transmitters) we have. 



5,033,000 5,033,000 



1,514,500 cycles. 



By increasing the inductance of L slightly, the frequency will be 
lowered to 1,500,000 cycles. The circuit LCS in wireless telegraphy 
is called the closed oseillation circuit. 



THE OPEN CIRCUIT OSCILLATOR.— Just as we may generate 
oscillations of a predetermined frequency in the closed oscillation circuit, 
so we may generate them directly in what is termed the open osctUalion 
circuit. This circuit comprises, the aerial, the earth plate, and the local 
tuning appliances for varying the wave length. In contrast to the 
closed oscillation circuit, the open circuit, when set into oscUlation, 
radiates powerfvl electromagnetic waves. 

The closed oscillation circuit is a- feeble radiator unless an enlai^ed 
closed circuit loop aerial is employed, such as will be described in Chapter 
XII. 




lUuBtiaUng the electrostatic capaciUnco of 



telegraph aerial. 



The inductance and the capacitance of the closed oscillation circuit, 
Fig. 10, are concentrated in the coil L and the condenser C, respectively. 
The open oscillation circuit external to the tuning apparatus has dis- 
tributed inductance and distributed capacitance. Such a circuit is shown 
in Fig. 11a. The inductance of the wire A E Ues in its ability to store 



>dbyG00glc 



26 



Wireless Ezperimentei's Manual 



up energy in the form of a magnetic field; and its capacitance in its 
ability to store up energy in the form of an electrostatic field. But these 
energies are distributed throughout the length of the vertical wire, and 
not concentrated or lumped in a small space as in Fig. 10. 

We may, in fact, look upon the aerial of Fig. lla as one plate of an 
enlarged conden^ier, the earth being the opposite plate, and the intervening 
air the dielectric. Due to the large separation of the two sides of the 
condenser, we may expect the capacity of the average antenna to be 
relatively small. Normal values for amatem- transmitting aerials lie 
between 0.00025 and 0.0006 microfarad. 

■ In Fig. llo the spark discharge gap Si is connected to the secondary 
coils 5-3 of a high voltage transformer. The primary coil is connected 
to a 60 to 500 cycle source, at potentials between 110 and 500 volts. 
The secondary potential may be 20,000 volts. 

'' "" " i " ' ! " " I " ^ V'." , 'V' ■'" 'l ' ''■' '■ 



If we separate the spark electrodes of Si to the correct sparking dis- 
tance, and close the circuit to the primary coil, a series of sparks will 
discharge across Si; and, as in the case of the closed circuit, the open 
circuit oscillates at a radio frequency determined by the product of 
the inductance and capacitance of the circuit. 

Just before the spark discharges the space between the aerial and 
earth is filled with electrostatic lines of force. The potential difference 
at the spark gap Si ionizes the air, making it conductive and allowing 
the stored-up energy to discharge across the gap. Only part of the 
atored-up electrostatic field contributes to the energy of the spark. 
The remainder is radiated in the form of electrostatic loops as in Fig. 1I&. 
Magnetic fields also accompany the current oscillation as in Fig, lie, 
and part of this field also is detached from the aerial. Both fields, as 
already mentioned, are radiated outward at a velocity of 186,000 niiles 
per second (or 300,000,000 meters). 

The aerial current oscillates through a very few cycles, the energy 
being dissipated in wave radiation, heat losses due to resistance, and 
heat due to absorption by obstacles in the dielectric medium. 

WAVE LENGTH. — The wave length of a simple vertical aerial wire 
is four times its natural length. Thus a rod 150' high would radiate a 
wave 600' in length or 184 meters. We would then say that the natural 
or fundamental wave length of the aerial is 184 meters. 
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For an aerial with 3 or 4 wires spaced a few feet, the factor of 4 no 
longer applies, for we have thus slightly increased the electrostatic 
capacitance and decreased the inductance of the system. We therefore 
must determine the wave length of the aerial from knowledge of its 
inductance and capacitance, or by means of a wave meter. 

The wave lei^th of an open or closed oscillation circuit may be 
increased by adding a coil of wire in series, or decreased by a series 
candeTiser. All transmittii^ and receiving aerials have a coil at the base 
and many stations are equipped with a series condenser. Simple as 
well as more scientific means of determining the wave length will be 
described on pages 293 to 297. 



c<:c 



cc<:: 






PRACTICAL DAMPED WAVE TRANSMITTERS.— Marconi's early 
type of transmitter is substantially that shown in F%, 12. The dia- 
gram perhaps represents the simplest possible type of electric wave 
generator that may be constructed by the amateur. The aerial A\a B, 
includes a loading coil L-X, a spark gap <S-1 and is connected to earth 
sXE. PS is an induction coil with a secondary voltage of, say, 30,000 
volts. The primary is fed by a 6 to 30 volt storage battery. Some 
induction coils are constructed to operate off 110 volts d.c. 

An automatic interrupter I is mounted on the end of the core. When 
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key K is closed the interrupter breaks the primary current and high 
voltage currents are induced in the secondary S. These currents chaise 
the antenna, the stored-up enei^y of which discharges across the spark 
gap S-\, producing a few cycles of radio frequency oscillations for each 
discharge. 

The wave length of the system may be increased by cuttii^ in turns 
at the coil L-1. The coil consista of a few turns of a copper conductor 
of low resistance, such as stranded wire, copper tubing or copper strip 
wound in the form of a helix or a "pancake." 






M i 




1 i 

r;"i";;:";i:iii] 




1 i 



The spark electrodes are preferably of zinc, althoi^h brass or copper 
may be used. Mectrodes 5^6 of an mch in diameter are sufficient for 
small coils. For large coils, cooling flanges are attached to the spark 
electrodes. 

If L-1 is cut out of the circuit, the aerial being worked at its natural 
wave length, this transmitter radiates a so-called "broad" wave; meaning 
that the wave emission will interfere with receiving stations, somewhat 
off tune with the natural oscillation frequency of the transmitter aerial. 
With a few turns of L-1 cut in, the statement above does not necessarily 
apply. The radiated wave may possess a degree of "sharpness" that 
compares very favorably with more modern apparatus using coupled 
circuits. 
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The government authorities are not inclined to grant a Kcense to 
(qjerate the transmitter in Fig. 12, unless it be of a low power knd located 
in a region where it is not apt to interfere with the working of government 
or commercial stations. 



Wave pR00oeea-.\ f 




Flo. 13, FuadBmental dmiita ol MsrcoDi'B iDductively coupled trannnitter whkb » almost univendly 

MARCONI'S INDUCTIVELY COUPLED TRANSMITTER.— This 

type of transmitter is employed almost universally. The fundamental 
circuit is shown in Fig. 13. Powerful radio frequency currents are first 
generated in the circuit LC S and then transferred by electromagnetic 
induction to the aerial or open circuit, A, L-i, L-2, C-1, A-1, E. 5V is a 
low frequency generator— QO to 1000 cycles, P-1 a primary reactance coil, 
and P the primary of a closed core tratisformer. The e.m.f . of the alter- 
nator may vary from JIO to 500 volts. 

The secondary voltage of the transformer may vary from 2500 to 
30,000 volte according to design. Fifteen thousand volte is more gen- 
erally used. 

C is a high voUage coTidenaer which in the amateur station rarely 
exceeds 0.008 mfd. L is the primary coil of the oscillation transformer 
L, L-\. Ite value for the amateur set rarely exceeds 6 microhenries. 
The inductance of L-\, the secondary, may lie between 15 and 26 micro- 
henries. L-2, the antenna loading coil, is not required for the general 
amateur station except for very short aerials. Twenty to 30 microhenries 
are generally sufficient. 

C-\, the short wave condenser, is only employed when the natural 
wave length of the aerial exceeds 200 meters. A condenser of 0.0002 
to 0.0005 microfarad is about correct for the amateur aerial where the 
fundamental wave length exceeds 200 meters. 
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A-1, the aerial ammeter is used to measure the aerial current and to 
determine resonance adjustments. A maximum scale reading of 5 am- 
peres suffices for the set of the average experimenter. 

THEORY OF OPERATION.— In brief, the circuit in Fig. 13 oper- 
ates as follows: In general, when the key K la closed, current from the 
generator flows through the primary P. The resulting magnetic lines of 
force thread through iS, the secondary, inducing therein high voltage 
currents of the same frequency as the primary current. 

With a 60 cycle transformer C is charged 120 times per second, and 
with a synchronous spark gap S, 120 sparks occur. One hundred and 
twenty groups of radio frequency currents are generated in L C S per 
second and since L is in inductive relation to L-1, 120 groups of radio 
frequency currents are induced in the aerial system. 

Some of the energy of the antenna currents, as already explained, 
is converted into an electric wave motion. 

THE PHENOMENA OF REACTANCE.— A striking phenomenon of 
radio frequency currents is that of electrical resonance. The process of 
bringing two circuits into resonance ia called tuning. 

It is hoped that the explanation of the reactance effects of a coil and 
a condenser here given and in the paragraphs following, will aid the 
amateur in comprehending what adjustments are necessMy to effect 
resonance in alternating current circuits. If a coil of wire is connected 
first to a source of 110 volts a.c. and then to a source of 110 volts d.c, 
it will draw a great deal more current in the latter case than in the former. 
The self-indiiction of the coil to rapidly changing currents causes it to 
"choke" their flow. The constantly changing magnetic field around a 
coil carrying alternatii^ currents generates a counter e.m.f. within the 
coil which acts to impede the rise of current and which is sometimes called 
reactance voltage. We say then that a circuit possesses so much reactance 
and we express the opposing effects of reactance in ohms. 

The reactance of a coil increases directly with increase of frequency. 
A coil which exhibits negligible reactance to a current of 60 cycles will 
offer very appreciable reactance to radio frequency currents. If it is 
desired to build up the currents in radio frequency circuits to an ap- 
preciable value the reactance of a coil must be neutralized. As will 
presently be seen, the reactance of a coil, in radio frequency circuits, ia 
neutralized by the opposite reactance of a condenser connected in series 
with the coil. 

In d.c. circuits we are concerned mostly with their -esistance, but 
in a.c. circuits reactance plays such an important part (as well as the 
resistance) that it must be given very serious consideration. Resistance, 
it must be remembered, entails a loss of energy in the form of heat, but 
reactance occasions no loss of energy in that way; it compels the applica- 
tion of a higher e.m.f. to a circuit to pass a given amount of current 
through it. It is well for the student to gain a clear understanding of 
the relative importance of reactance, resistance and impedance. This 
will be discussed more in detail in paragraphs following. 

FORMULAE FOR REACTANCE.— The reactance of a circuit is 
expressed in ohms. Letting A'' = the frequency of the applied e.m.f., 



>dbyG00glc 



Radio Desiga 31 

L=the ioductance of the circuit in henries, and Xi = reactaDce in ohms, 
the reactance of an inductance is expressed 



It can be shown also that the reactance of a capacitance is inversely 
proportional to the frequency of the appUed e.m.f., or 



2tc NC 



m 



where C=capacity in farads. 

Since in a series circuit the reactance of a condenser is opposite to that 
of a coil, as a means of distinction inductance reactance is called positive 
returnee, and capacitance reactance is t€rmed negative reactance. 

If in an alternating current circuit inductive reactance predominates, 
we obtain the resulting reactance by subtracting the capacitive reactance 
from the inductive reactance. The resulting figure denotes positive 
reactance. Conversely, if capacitive reactance predominates, we sub- 
tract the inductive reactance from the capacitive reactance and the 
resulting figure denotes negative reactance. 

If in any circuit J» which is appUed an e.m.f. of a given frequency, 

the reactance is zero and the strength of the current in such a circuit 
is governed solely by its resistance. This circuit under closer analysis 
will be found to be resonant to the impressed frequency and in radio 
tel^raphy it is called a "tuned" circuit. 

Any oscillation circuit may be placed in resonance with a particular 
impre^ed frequency by selecting a capacitance and an inductance of 
such magnitude that their reactances are equal. 



1 


1— A'9 -3 


To MI6H VOLTME K 

SOUWE ~ 


1 



J 



DETERMINATION OF RESONANCE BY CALCULATION.— Using 
formulae (6) and (7), the reactance of the circuit L-l, C-l in Fig. 14 may 
be calculated. Circuit LCS generates radio frequency currents at a 
frequency, let us assume, of 1,500,000 cycles. Circuit L-l, C-l, A-l in 
inductive relation to LC S contains the hot wire ammeter A-l (scale 
to 5 or to 10 amperes). 
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If condenser C-l is taken out of the circuit and the leads thereto 
connected together, and circuit LC Sis set into oscillation, the ammeter 
A-1 will give but a small deflection. The reason for this is that the 
inductive reactance of L-l is very high for such frequencies but, on the 
other hand, if the reactance of C-l equals that of L-l, the ammeter will 
give a higher reading, for the amplitude of the current in the circuit ia 
then governed by the resistance of the circuit. 

Using formula (6) assume that L-l =0.00001 henry and N, the 
oscillation frequency = 1,500,000 cycles, the reactance of L-l, 

Xi=6.28Xl,SOO.OOOx0.00001 =94.2 ohms. 

Giving C-l a capacity of 0.000,000,001,126 farad, its reactance 



' 6.28X1,500,000X0.000,000,001,126 "■" ""™- 

Hence, the capacitive and inductive reactance are equal and opposite 
at the frequency of 1,500,000 cycles. The two circuits in Fig. 14 are 
then in resonance , that is , they have the same natural frequency of oscilla- 
tion. 

We may prove this by formula (4). Remembering that 0.000,000,- 
001,126 farad =0.001,126 mfd. and 0.00001 henry = 10,000 centimeters, 
we may substitute these values in formula (4). 

y^ 5,033.000 



V 10,000X0.001 126 



= 1,600,000 cycles. 



Knowing the reactance of the coil in a series circuit for a given 
frequency, the capacity of a condenser for the same reactance is found 
by transposing (7), viz: 



To find L, when C for a given frequency is known, 



TUNING IN PRACTICE.— Fortunately for the amateur experi- 
menter, he does not have to go through the preceding calculations to 
obtain resonance in established radio transmitting circuits, for two 
circuits of radio frequency may be placed in resonance by means of a 
hot wire ammeter alone. Coupled circuits may be tuned in this way, 
provided the inductance and the capacitance in both circuits are of such 
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magnitude that resonance is possible. The chief disadvaDtage of tuning 
by hot wire ammeter is that one does not know the frequency of the 
circuits and consequently cannot tell the wave length — a matter of 
prime importance in view of the restricted amateur wave length. 

The physical operation in tuning circuit L-1, C-1 to circuit LCS, 
Fig. 14, is to set the tap on inductance L-l at some point and vary C-1 until 
the meter A-1 reads a maximum. Similarly C-1 may_ be set at some 
capacity, and L-l varied until meter A-1 reads a maximum. Likewise 
within limits L-l and C-1 may be set at some definite value, and either 
L or C varied until A-1 shows a maximum. 

Precisely the same method is employed in tuning to resonance the 
closed and open circuits of Fig. 13. The variable elemer.ts in the an- 
tenna circuit are L-l and L-2. In the closed circuit C is usually fixed 
and L is varied by the tap. Circuit LCS may be set to some wave 
length by a wavemeter, and then L-l or L-2 varied until A-1 reads a 
maximum. The antenna circuit isthen in resonance with the closed or 
spark gap circuit. Tuning in practice is preferably carried on by means 
erf a wavemeter, the use of which will be explained in Chapter XI. 

The amateur must keep the following clearly in mind. If two 
oscillation circuits {LC and L-l, C-1) are in inductive relation, one 
transferring energy to the other, no matter how large or small may be 
the values of L or C, L-l or C-1, if 

LXC = L-1XC-1 

then the circuits are in electrical resonance and the most effective transfer 
of energy will take place. 

The method of determining the values of L and C for any particular 
wave length (or frequency) will be explained below. 

Referring again to the circuits of Fig. 14. When the generating 
circuit impresses high frequency e.ra.f .'s on the next circuit, the reactance 
of L-l at resonance is equal to that of C-1, Say then, that C-1 is set at 
some capacitance below that necessary for resonance, and gradually 
increased to resonance and beyond. At the lower values of capacity, 
capacitive reactance predominates, but as it is increased to resonance, 
the capacitive reactance gradually decreases until at resonance it equals 
the inductive reactance of L-l. If now, the capacitance of C-1 is in- 
creased further, inductive reactance predominates, the capacitive react- 
ance becoming less and less. 

When the circuits L-l, C-1 and LCS are in resonance with each 
other, either will separately oscillate at substantially the same frequency, 
a impulsed periodically by an external e.m.f. 

PHASE ANGLE. — When two alternating currents in a given circuit 
or in separate circuits reach their .itositive and negative amplitudes 
simultaneously, we say that the currents are in phase. If one current 
reaches, let us say, a positive maximum a little later than the second 
current reaches the same maximum, we say the currents are out of phase. 
Now a difference of phase of one complete cycle is regarded as equivalent 
to the angle of the whole circumference of a circle or 360°; therefore a 
difference of phase of a quarter cycle is equivalent to 90°, and of a half 
cycle to 180". 
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The term phase angle is not only convenient to express the difference 
in phase between two different currents, but also to express the angle of 
lead or lag in circuits in which the applied e.m.f. and the current do not 
reach their maximum amplitudes at the same instant. 

LAG AND LEAD IN ALTERNATING CURRENT dRCUITS.— 

When a coil of wire is traversed by alternating currents, its self induction 
tends to prevent the rise of the current, whereas a condenser under the 
same conditions has the opposite effect, i.e., it assists the current to 
reach its majiimum ampUtude sooner than it would were the capacity 
not present. 

This may be summed up by saying that the reactance of a coil tends 
to make the current lag behind the impressed e.m.f., and that the react- 
ance of a condenser causes the current to lead the applied e.m.f. In 
the first case, we have what is called a lagging current and in the last 
case a leading current. We say in such circuits that there is a phase 
displacement and we express such displacements in degrees. 

If a circuit possessed inductance only (if such were possible), the 
current would lag 90° behind the impressed e.m.f. If a circuit con- 
tained capacitance only, the current would lead the impressed e.m.f. 
by 90°. In practice, a displacement of 90° cannot be obtained but the 
condition can be approached. 

It is now clear that in any circuit containing a condenser and a coil 
in series, their reactances are opposite and if they were made just equal 
they would neutralize; that is, there would be neither "lag" nor "lead" 
and the current and the applied e.m.f . would build up in phase. 

HOW TO CALCULATE THE ANGLE OF LAG OR LEAD.— The 
angle of lag and lead may be calculated if we know the capacitance, in- 
ductance, resbtance and the frequency of the e.m.f. applied to the cir- 
cuit. This computation is of little interest to the average amateur 
experimenter but for those who may care to carry it out the following 
brief analysis is given. 

The tangent of the angle of lag is the ratio of the inductance reactance 
to the resistance of the circuit, or 

fl_ reactance _27rJVL ,,., 



The tangent of the angle of lead is the ratio of the capacitance react- 
:e to the resistance of the circuit, or 



ance to 

tan 8 



In both formulae fl = the phase angle. 

The angle corresponding to any value of tan 6 may be found in a 
table of sines, cosines and tangents. Suppose, for example, tan 9 as 
found by either formula (U) or (12) is 1.16. By referring to the above 
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mentioned table of sines and cosines it will be found that 1.16 is the tan- 
gent of the angle of 49°. We would then say that the angle of lag or 
lead (depending upon whether we are considering inductive or eapacitive 
reactance) is 49°, that is, the current leads or lags behind the impressed 
e.m.f. by 49°. 

If a circuit has both eapacitive and inductive reactance, the smaller 
value should be subtracted from the larger value and the result inserted 
in the numerator of formula (11), that is 

tan 9 = 1 (13) 

where X is the resulting reactance. 

PHASE ANGLE AND ITS RELATION TO POWER.— Although the 
amateur experimenter may not be inclined to give the matter of phase 
angle much consideration, he is compelled to do so when determining 
the power of an alternating current as in transformer circuits. 

In d.c. circuits, the power consumption is determined as in Fig. 15, 
where G is a d.c. dynamo, R, a load, V, a voltmeter and A, an ammeter. 
The power in watts is expressed: 

W-IXE (14) 

Where /—currcDt in omperra 

E=e.m.f.io volts. 
Tbenif E=100 volts, / = 10 amperes, 

ff' = 100X10 = 1000watts = l kilowatt. 

Now in a.c. circuits when the current either leads or lags behind the 
voltt^e, the true watts cannot be measured by a voltmeter or an ammeter, 
for if curves of e.m.f. and current out of phase are plotted, it will be 
found that there are instants during a complete cycle when the volts 
are directed in one way and the current the other. If power curves 
(which are the product of the effective volts and amperes at various 
instants during the complete cycle) are plotted it will be found that the 
resulting power is less than would be obtained if the e.m.f. and current 
were in phase. 

In order to measure the a.c. power of a circuit such as that in Fig. 16, 
it is necessary to multiply the product of the readings of the voltmeter 
and ammeter by some factor which takes into account the phase relation 
of the e.m.f. and current in the circuit. The quantity by which formula 
(14) is multiplied to get the true power in watts is called the power factor 
which is equal to cos $, where B as before is the phase angle; that is, the 
cosine of this angle gives us the multipher for the a.c, power formula. 
For a.c. circuits then, 

W = IXEXCoa 6 (IS) 

where Cos 6 = power factor which also = ■= 

wbereZ— the impedance of the circuit in ohms. 
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The product of the readings of the voltmeter V and the ammeter A 
in an inductive circuit gives a resultant called the apparent wails. 

On the other hand, the wattmeter connected as in Fig. 17 gives the 
true walls because the wattmeter is designed to be independent of phase 
angle. 

If / and E are read as in Fig. 16 and W Is determined as in Fig. 17, 
we may obtain the power factor as follows: 



Power factor = 



(16) 



For example, if, in Fig. 16, 7 = 20 amperes and £ = 110 volts, the 
apparent watts = 20 X 110 = 2200 watts. If, by means of the wattmeter 
connected in the same circuit it is found that W = 1200 watts, then 



The apparent power in any circuit is often referred to as the k.v.a. 
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reading, that is the kilowatts obtained by multiplying the pressure by the 
current as read from instruments in the circuit. 

While the apparent watts and the true watts in a.c. circuits may 
differ considerably, the amateur must take care to design his apparatus 
to handle the full current as dete mined from the k.v.a, reading, for the 
heating effect of the current is there, although the full power of the 
current is not available for a useful purpose. 

OHM'S LAW FOR ALTERNATING CURRENTS.— In d.c. circuits, 

_E_ 

~R' 

is directly proportional to the applied electromotive force and inversely 
proportional to the resistance. In alternating current circuits (to ex- 
press the true relation between the voltage and the current) the effects 
of reactance must be taken into account as well as resistance. For 
alternating currents, 

/-I (IT) 



where Z=the impedance of the circuit. 

The combined opposition of reactance and resistance to the flow of an 
alternating current is called impedance, which, like reactance and re- 
sistance, is expressed in ohms. 

- Letting Z = impedance, A" = reactance, and S = resistance, it can be 
shown that 

Z-vkhTF' (18) 

Formula (17) may then be written: 



Now if a circuit possesses inductive and capacitive reactance formula 
(18) becomes 

Z.^S'+(2x«t-^^). (20) 

or 

It is now clear that if 2 ir JV L — the inductive reactance, is equal 

to = — jj-Tv — the capacitive reactance, the reactance expression in the 

denominator of equation (20) may be eliminated. Then Z= Vffa or 
Z = R; that is, the impedance of the circuit is equal to its resistance. 
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This is what may be expected in a res(mant circuit. Fonnula (19) for 



resonance circuits then becomes / = 
the expression for direct current. 



- which ia the same as 




0.707=70 volM. 



EFFECTIVE AND MAXIMUM VALUES OF ALTERNATING 
CURRENTS. — It will be evident from the current curve of Fig. 17o, 
that an alternating current undergoes periodic changes in amplitude and 
in direction. Say, as an illustration, that the current during each cycle 
rises from zero to a positive maximum of 15 amperes and then falls to 
zero; and for the next half cycle, reverses its direction and goes throti^h 
the same set of values. The question arises, how are we to determine 
the effect of a current undergoing such a continual change in amplitude? 
It is clear that we must take some sort of an average value to determine 
the effectiveness of an alternating current in order that we may compare 
it with a direct or steady current. 

The effectiveness of the alternating current is defined in terms of its 
relative heating effect compared to the heating effect of a direct current. 
The heat developed by a direct current is at every moment proportional 
to the square of the current at that moment, and is therefore constant. 
In the case of an alternating current, the average heating effect is pro- 
portional to the avert^e of the squares of all the values of the current 
during a cycle (such as may be equal to the points A, B, C, D, E, F, 
etc., in Fig. 17a). The average in the case of a sine current is the same 
value that would be obtained by taking one half of the square of the 
maximum current during the cycle. 

It is now clear that a direct current, the square of which ie equal 
to the average of the squares of an alternating current over a com- 
plete cycle, produces the same heat as the alternating current. This 
IS the effective value of the alternating current and since its square is 
equal to J^ the square of the maximum value, the effective value 
P ■ . I 



I, 



which is the s 



3 as the maximum value multiplied by 0.707. 
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This means, then, that if the maximum amplitude of a cycle in a sine 
wave alternating current is 15 amperes, its effective value is 15X0,707 
= 10.6 amperes. That is, an alternating current that rises and falls 
uniformly between a value of +15 and — 16 amp)eres, produces the same 
heating effect as a direct current of 10.6 amperes. 

Alternating current voltmeters and ammeters give the effective values 
of alternating currents not their maximum values. 

In the primary circuits of his high voltage transformer the amateur 
experimenter is concerned with the effective values of the current and 
voltage. But in the secondary circuit, knowledge of the maximum 
e.m.J. is essential because the discharge at the spark gap is related to 
the maximum e.m.f. 

The effective value of an alternating current is sometimes called the 
"root mean square" (r.m.s.) value because the effective value of a sine 
wave is equal to the square root of the average of the squares of current 
taken at all points throughout the cycle. 

It is well to remember then that when connection is made to a 110 

volt a.c. source, the maximum value of the e.m,f. per cycle is „ „-_ 

= 155 volts. 

When the amateur purchases a 15,000 volt transformer, for example, 
he should ascertain from the maker whether this represents the r.m.8. 
value or the maximum value per cycle. For if it is the maximum value, 
the effective or r.m.s. value, in a sine wave, is 15,000X0.707 = 10,605 
voltB. 

DETERMINATION OF THE WAVE LENGTH OF AN OSCH-LA- 
TION CIRCUIT. — Knowing the values of inductance and capacitance 
in a closed oscillation circuit, i.e., a circuit with lumped or concentrated 
inductance and capacitance, the amateur may calculate the equivalent 
wave length by a simple formula. The computation is a little more 
complex when applied to the open or antenna circuit, due to part of the 
inductance and capacitance being distributed throughout its length and 
the remainder lumped. The experimenter who does not lean toward 
preciseness may apply the wave length formula for lumped circuits to the 
open circuit. The per cent error for the open circuit is roughly 
negligible. 

We have first the fundamental wave length formula: 



where x stands for wave length, y = the velocity of electromagnetic 

waves (300,000,000 meters per second) and ^ = the oscillation frequency. 

Hence if the antenna circuit of the amateur's transmitter oscillates 

at 1,500,000 cycles, 
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But, according to formula (3), N=-= , , where L = mductaiice in 

henries and C = capacity in farads. 
Hence 



This is the fundamental jormula for determining the wave length 
when the lumped inductance and capacitance of a circuit are known. 

The units, the farad and the henry, are too lai^e for radio circuits in 
every day practice and if used would involve long decimal expressions. 
For example, letting C in Fig. 13 = one ten-billionth of a farad and 
L = 16 millionths of a henry, then 
X = 6.28X300,000,OOOX V 0.000016X0.0,000,000,004 = 151 meters. 

The more serviceable units for radio calculations are the microhenry, 
the millihenry or the centimeter for inductance, and the microfarad or the 
micro-microfarad for capacitance, 

1,000,000 microlienries =1 henry 

1,000 miUihenries " I henry 

1,000,000,000 centimeters =1 hemr 

1,000,000 microfarads '^l farad 

1,000,000,000,000 micro-microfaiads = 1 farad. 

If L is expressed in centimeters and C in microfarads, L in formula 
(22), must be divided by one billion and C by one million. The formula 

then becomes 



Similarly if L is expressed in microhenries and C in microfarads, L in 
formula (22) must be divided by one million, and similarly C. The 
formula then becomes 
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Formulae (22), (23) and (24) are, as mentioned above, strictly 
applicable to lumped circuits, but many experimenters for a first approxi- 
mation are content to employ them for the open circuit as well. 

Some confusion has existed regarding the computation of the wave 
length of the antenna circuit, with or without a condenser or a loading 
coil at the base. The matter has been cleared in Bureau of Standards 
Bulletin No. 74 and should be consulted by the reader. 

In the first place, we may assume a uniform current and voltage 
distribution throughout an aerial, a condition which does not exist in 
practice, because of the high frequency of the currents employed. Gen- 
erally the current is a maximum at the base or grounded portion, and 
zero at the top or free end. Conversely, the voltage reaches a maximum 
at the top or free end, and is zero at the earth connection. 

However if L„ is the inductance of the flat-top portion for uniform 
current distribution, and (7„ the capacitance for uniform voltage distri- 
bution, and an inductance L^ is inserted in the lead-in, formula (22) ex- 
pressed precisely reads as follows: (The lead-in is assumed to be free 
from inductance and capacitance except the inductance of Li) . 



>>— ^ y vloCo 



Here £ is a correction term (first given by Dr. Cohen), the ratio of 
the inductance of the loading coil at the base to the.distributed inductance 

of the antenna. Values of K for various ratios of y^ are given in Fig. 18. 

Now, if there is no lumped inductance at the base, i.e., the antenna 
has puMdy distributed iiidvdance and capacitance, 



j^ -0; and from Pig. 18, K - 1.67 
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itioa dF Li fLa whsrv Li==thaiDdiio1 



The above formula to correspond with (23) should read 

X=38VTC P7) 

and to correspond with (24) 



X = 1200VlC 



(28) 



Formulae (26), (27) and (28) are the expressions for a plain aerial circuit. 
It has been shown that wave length computations of loaded antennae, 
using the formula for lumped circuits, are sufficiently accurate when Co, 
the capacitance of an aerial for uniform voltage distribution, is employed 
as the capacitance for alternating currents of any frequency. But Lo, 
the inductance for uniform current distribution, is not the inductance for 

any frequency.* However, -^-may be taken as the inductance for alter- 
nating currents, and the two values (Co and -^"1 may then be inserted 

in the formulae (23) or (24) with practically as accurate results as are 
obtained from the use of formula (25) . 



>dbyGooglc 



Radio Design 43 

Hence, if Li is the low frequency inductance of the loEidiiig coil at the 



and Co its capacitance, we may use the relation 



•"-sK^'+f)' 



If Li is 3^ times -^, the above formula is within a negUgible percentage 

as accurate aft formula (25). 

If then we cjJl l^, the low frequency inductance, C, the low frequency 
capacity, and L\ the low frequency inductance of the loading coil, 
formula (ap) becol&es 

X-S6.6V(Li+LB)Ca • (30) 

In general the low frequency value for the inductance of a coil may be 
used for all frequencies. 

As will be shown on page 297 formula (30) may be employed to 
determine the effective inductance and capacity of an aerial by inserting 
two loading coila at the base and noting ^e corresponding wave lengths 
on a wave meter. This data is then substituted in formula (67) pE^e 297. 

DATA FOR THE AMATEUR TRANSMITTER.— The builder of 

amateur apparatus desires to determine the electrical dimensions of the 
inductances and capacities in the closed and open circuits, and the wind- 
ing data and core dimensions of the high voltage transmitter. It is the 
intention to show first, in an elementaiy way, how these values are 
related and then to describe in detail the construction of the actual 
apparatus. 

The magnitude of the electrical constants of the amateur's transmitter 
are limited to certain values by reason of the enforced use of the 200 
meter wave. Haphazard design and construction is not permissible, if 
maximum efficiency is the goal and the law is to be obeyed. 

Take first the matter of power consumption in the transformer cir- 
cuits. As a first consideration we want the condenser C of Fig. 13 for 
amateur wave lengths, to be just as large as possible in order that the 
set will absorb a fair amount of power at comparatively low voltages. 
The energy taken by the condenser circuit may be computed by the 
following formula; (This equation does not take into consideration cer- 
tain transient phenomena in spark gap circuits and requires considerable 
modification in practice). 

Letting W = power in watts, E=spark voltage in kilovolts, JV=spark 
frequency (twice the frequency of the charging current), and C=capaci- 
tance of the condenser in microfarads, then 
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Say then that in Fig. 13, the transformer potential with the condenser 
connected is 20,000 volts, the spark frequency 120 cycles (power fre- 
quency = 60 cycles) and the capacitance of the condenser, 0.01 micro- 
farad, then 



_ 001X2^X120 



'240 watte 



and if iV be increased to 500 cycles; 
^_0.01X20'X1000_^ 



This shows that, all other conditions remaining equal, the power 
increases with the frequency of the charging source*. Actually the 
power may exceed or be less than the value given by the above formula; 
for one thing when the condenser discharges across the gap, the trans- 
former is on bhort circuit, and whether this will cause it to draw more 
power depends upon the amount of magnetic leakage in the transformer 
circuits and whether or no the transformer operates at resonance. 

It will now be clear that at the wave length of 200 meters, and with a 
current source of 60 cycles, the amateur cannot utilize the power input 
of 1 kw. permitted by law, unless very high voltages are employed. For 
the maximum condenser capacitance that may be employed for 200 meter 
working ia 0.01 mfd. as will be explained in the following paragraph. 
Such high voltages are disastrous to insulation and require an abnormally 
long spark gap which tends to puncture the dielectric of the condensers 
and leads to all-around inefficiency. 

To find the capacitance of the secondary condenser for a given power, 
voltage, and frequency, we may transpose formula (22) viz: 



As an example let B = 15,000 volts, JV = 1000 sparks (500 cycles) and 
W = 5Q0 watts, find the required capacity. 



DETERMINING THE INDUCTANCE OF THE PRIMARY OP 

THE OSCILLATION TRANSFORMER.— The primary of the oscilla- 
tion transformer requires an inductance of at least 1000 centimeters to 
transfer an effective amount of energy to the antenna circuit. The 
following computation will show that 0.01 mfd. is the maximimi per- 
missible capacitance in the closed circuit for the 200 meter wave. 

■AieunuDg Byncbronaus dischuges. 
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Letting 0.01 mid. =the capacitance of the condenser, let us determine 
the value of L in Fig. 13. L in practice should not be less than a single 
turn of wire of not too small diameter. Transposing formula (23) 



■ 3552 XC 

' lern^.n ni =1126 Centimeters 



= 1.12 microheariea =0.00112 millihenry. 

This in practice, as will be found by inductance computations, means 
that the connections between the condenser, spark gap, and primary 
inductance of the oscillation transformer must be extremely short, and 
that the average amateur's oscillation transformer could not have more 
than one small turn of wire in the primary. The capacity, 0.01 micro- 
farad, obviously is the highest value for the closed circuit condenser that 
the amateur can use. 

A condenser of 0.01 microfarad requires such compact mounting of 
the apparatus to keep the inductance of the connecting leads in the 
closed oscillation circuit at a minimum, that it is more practical to re- 
duce the capacitance to, say, 0.008 microfarad. Then for the 200 meter 
wave the primary inductance, 

, 200^ 



= 1407 centimeters, 

a slight increase over the former case permitting the use of longer leads 
for connecting up the apparatus in the closed circuit. 

CALCULATION OF CAPACITY.— To determine the capacitance of 
a condenser such as used in spark gap circuits, we may use the formula, 



of a microfarad (mfd.) = -.. -^ -^ -.. farad that is, a micro-micro- 

'"'^"1,000,000,000,000'"'"' 

5 = surface area of one plate in square centimeters 
r = thickness of dielectric in centimeters 

K = & constant — the inductivity of the dielectric which varies with 
the insulating material as in the following table. 
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An average value of K for ordinary glass is 6. 

Let lis take a pane of common glass 14* x 14', cover it on both sides 
with tin or lead foil 12' x 12' and calculate its capacity by the foregoing 
formula. Remembering that 1 inch =2.54 centimeters: 



C=0.0885X6Xg^Y7=^®^""''"""'^^'"**'*=^'*'^^ infd. (approi.) per plate. 

Five plates in paraUel=6X0 0016 = 0.008 mfd., the capacitance 
desired as in the preceding par^raph. If the potential of the trans- 
former exceeds 15,000 volts, a series — parallel connectioa must be 
employed. 

For two condensers in series, 

c-iJ-r (M) 



where Ci and Ci are the total capacity of each bank. This formula 
indicates that the capacity of two equal condenser banks in series is 
one-half that of one bank. Therefore with the seriee parallel connec- 
tion, the number of plates used in a simple parallel connection must be 
multiplied by 4 to obtain the same capacity as that of a single bank. 
That is, we must make 20 plates of the above dimensions, place 10 
plates in parallel in each bank and connect the two banks in series. 
Following formula (35), 

c— — L-^ 1— 1x2^-0.008 rfd. 



0.016' 0.016 0,016 



If the conducting surface of the condenser A and the thickness of the 
dielectric t are expressed in inches, formula (34) becomes 



10"' = 10,000,000,000 
C = capacity in microfarads 
jl= area of the dielectric (between conducting surfaces) in squtu« inches. 
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Owing to the different values of K for various grades of glass, the 
value of C obtained by (34) or (36) will only be correct when K is ac- 
curately known. For the closed oscillation circuit the inductance of 
the primary L may be varied slightly until the desired frequency is 
obtained (note formula (4) page 24) and any inaccuracies in the capaci- 
tance computations may thus be compensated for. The amateur may 
employ (34) or (36) for calculating the capacitance of condenser plates of 
other dimensions. 

For a condenser of any number n of similar plates, alternate plates 
connected in parallel, formula (34) becomes 



For i4 kw. 500 cycle transmitters, C is usually 6.006 mfd. For 
H kw. 500 cycle transmitters, C is generally 0.004 mfd.; 0.008 mfd. is a 
good average for the amateur set operated from 60 cycles at powers 
between J^ and 1 kw. 

In summary, it is now clear that if the capacity C of the closed oscilla- 
tion circuit for any given wave length is first determined upon, L may 
be found by formula (33) here repeated: 



If L is decided upon for any given wave length, C is found by the 
followli^: 



C~- 



3562XL 



Assume x = 200 meters and L = 3000 cms. Find the value of C. 



200* 
"3662x3000 



-0.0037 mtd. 



DESIGN OF THE OPEN OR ANTENNA CIRCUIT.— The induc- 
tance and the capacitance of the plain aerial circuit without a coil or 
condenser at the base, are distributed throughout its length. Assume 
an aerial, which as determined by measurement, has inductance of 
60,000 cms. and capacitance of 0.0005 mfd. According to the Cohen 
formula (27), 



X"38V50,OOOX0.0005 = 190 meters. 
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In case a loading coil is inserted at the base to raise the wave length, 
we may use the formula (30) for lumped circuits, being sure to draw the 
distinction between the inductance for uniform current distribution and 
the inductance for low frequency alternating currents: that is, in (30) 

Assume for an amateur's aerial, Li the secondary of the oscillation 
transformer = 10,000 cms.; La, the low frequency mductance of the 
antenna = 17,500 cms.; and Ca the capacitance of the antenna =0.00041 
mfd. Then from formula (30) 



X=59.6 V (10,0 00+17,500) X0.00041 
=59.6VTi:27 
■200 meters approx. 

We may, as a matter of illustration, compare the Cohen wave length 
formula for the open or antenna circuit with the formula for lumped 
constants (30). Take, for example, a flat top aerial 40' in height, 60' in 
length, composed of four wires spaced 2'. According to the table in 
Fig. 20, 



For the fundamental wave length according to (25) 



Since there is no lumped inductance at the base -=-* = 0, and from the 
table Fig. 18, K = 1.57. Hence, 

X*=~|- V 0.000258 X35,000 - 38 V gl^ 0= II5 meters (approx.). 

I^et us now insert a coil of 10,000 centimeters at the base. Then 
r^=5T^ = 0.286. From the table Fig. 18 A;=1.21 (approx.). 
Then, according to the Cohen formula, 



;2 V 0.000258 X35,000 = 139.5 meters (appros.). 
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According to formula (30) 



L, = 10,000 cniB. Z« =^=^^1^ = 11,666 cm 
(7(1=0.000258 mfd. Hence, 



X=69.6 V(i0,00O+ll,666jX0.00O268 = 141 meters (approx.). 

The result disagrees with the Cohen formula by less than 2 meters. 
For larger loading coils at the base the error becomes proportionately 
less as will be found from further use of the table Fig. 18. 

DETERMINING THE SECONDARY OR ANTENNA LOADING 
INDUCTANCE FOR A GIVEN WAVE LENGTH.— Taking the antenna 
of the dimensions cited in the previous paragraph, we may determine 
the amount of lumped inductance to be inserted at the base, in order 
that the antenna will radiate at 200 meters. 

Remembering La = ll,666 cms.; Co = 0.000258 rafd. and by trans- 
posing (21) 



^ 3562X0.000258 ' "-f-™' -""■ 

10,000 cms. could be allotted to the secondary coil and the remaining 
22,000 cms. to the aerial tuning inductance or loading coil. 

DETERMINING THE WAVE LENGTH OF AN AERIAL FROM 

ITS DIMENSIONS.~It is scarcely worth while for the amateur to 
calculate the wave length of an antenna from its dimensions. Elaborate 
and intricate equations have been developed for determining the capaci- 
tance and inductance of aerials per centimeter length, but they are 
laborious and do not take into account the effect of local obstacles, such 
as trees, buildings, roofs, etc., all of which make such computations 
somewhat inaccurate. 

If the reader aoubts this, let him refer to the tuning records of the 
Marconi Company and note the widely different wave lengths obtained 
from antennae of nearly identical dimensions. The equations are based 
upon ideal conditions which are not found in practice. Moreover the 
disposition of the lead-in introduces an uncertainty into the wave length 
equation. 

There is a simple rule for calculating the wave length that applies 
roughly to flat top aerials. If the antenna wires are spaced no more 
than 3', multiply the total length of the antenna by 4.7. Thus, if the 
total length of the aerial from the earth plate to the free end is lOO'j 
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470 



the wave lengtIi = lD0X4.7=470'. And since 1 meter = 3.25', ^-^ 

= 145 meters approximately. In other words the total length of the 
aerial in feet multiplied by the factor 1.44 will give the wave length in 
meters. This rule of course does not take into account a loading coil 
at the base. It is simply a crude determination of the fundamental 
wave length. 



Table m* 
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Table IV* 
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Fio. 21. Table (iviag the total ioductaace and capacitance □( 4-wue "T" aerials. 

It is preferable in any case for the amateur to purchase a calibrated 
wave meter. By means of this instrument he can measure the funda- 
mental wave length in a few minutes with greater accuracy than it can 
be calculated; and moreover, he can measure the inductance and capaci- 
tance of his aerial in a much shorter time than he could calculate it. 
This data eoables him to determine the required antenna inductance for 
any desired wave length. 



*CaLculflted by formulae given by O.W.Howe, London EWtric 
A Himple explanation of Howe's formulae appears on pages 46 to 61 in 
uicaeDloC Inductance and Capacity" by W. H. Nottage. 
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The experimenter interested in making the calculation of the in- 
ductance and capacitance of the Sat top portion of an aerial should cod- 
sult pages 247, 248, 249, and 250 of Circular No. 74,* Bureau of Stan- 
dards, giving formulae for calculating the inductance per centimeter 
length of the Sat top portion of an antenna; and on pages 239 and 240 
he will find formulae for determining the capacity of the flat top per 
centimeter length. The inductance calculations involve the determina- 
tion of the inductance of a grounded horizontal wire, then the mutual 
inductance of two ground parallel wires, and finally the inductance of 
N grounded wires in parallel. The value so obtained is the inductance 
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Fio. 22. The wave lengths of 4-wirB "L" seiiala with no loadiac at the bue. 



for uniform current distribution. When a loading coil is inserted at the 
base of the antenna and the formulae for the wave lengths of lumped 
circuits is employed, the value of L determined as above, divided by 3, 

that is -^, eliminates the error which otherwise would exist when using 

the formula for lumped circuits, viz., x = 59.6 "^ LC. 



'Entitled "{Udio tiutnuiiGDta uid MessuicmeDta." 



inlM PnsB. Inc.. 233 Bcoadmr. N. Y. 
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WAVE LENGTH TABLES.— Employing the formulae developed by 
G. W. Howefordetermining the capacitance and inductance of horizontal 

aerials, A. S. Blatterman iias prepared tables giving these values for 
four-wire inverted "L" and "T" aerials, composed of 4, No. 14 wires 
spaced 2' apart. For the L aerials, the table in Fig. 20 covers heights 
from 30' to 100' and lengths from 40' to 120'. For the "T" aerials, the 
table in Fig. 21 covers heights from 30' to 100' and lengths from 60' 
to 240'. 

The curves of Fig. 22 show the fundamental wave lengths of "L" 
aerials without a loading coil at the base, and those of Fig. 23 the wave 
lengths of the same aerials with 10,000 centimeters at the base. The 




UnGTH of SFftN (feet) 



Fia. 23. The \ 



value of 10,000 centimeters may conveniently represent the secondary 
inductance of the oscillation transformer. Fig. 24 gives the funda- 
mental wave lengths of "T" aerials of various dimensionsj and Fig. 25 
their wave lengths with 10,000 centimeters at the base. 

These data do not check up identically with the practical antennae 
of the given dimensions, but the figures are sufficiently close for approxi- 
mate computations. 
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The curveB of Fig. 23 are perhaps of the moet value to the amateur 
who haa not yet erected a transmitting aerial, for they give him the 
wave lengths of "L" aerials of different heights and lengths with a 
loading coil of 10,000 centimeters at the base. 




HfflilZOHTAL LENGTH (PEETl 

Pio. 34. The wave lengthB of 4-mro "T" seriBla with no loading at the base. 

DIMENSIONS OF AERIALS FOR 200 METERS.— It wiU be found 
from the curve F^, 23 that four wire "V aerials, with 2 foot spacing, of 
the following dimensions will radiate at 200 meters, with 10,000 centi- 
meters at the base. 

TABLE V 



LcDcth of fl.t lop 


Hcicht 


« ; 


30 feet 

80 ; 



Pis. 24b. Dim 
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HOW TO CALCULATE THE mDUCTANCE OF AN OSCIIXA- 
TION TRANSFORMER.— Referring now to Fig. 26, there is shown 
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diagrammatically the fundamental circuits of the amateur'a wireless 
traoBmitter, marked with the values of ioductaDce and capacity in the 
closed and open circuita which will cause these circuits to resonate at a 
frequency equivalent to 200 met«rB. Let the beeinner understand that 
other values of inductance and capacitance will also afford the wave 
length of 200 meters as should be clear from the curves of Figs. 22 to 25. 
These particular values were selected to show the method of computation. 




Fia.2S. Thewavelenctbaof 



Ltittw M 5pwt inn) 

ire "T" *eiuU with ■ ludiiv ol 



As an illustrative example let us determine the dimensions of in- 
ductances L and Li in Fig. 26 to equal 1400 and 32,4S0 centimeters 
respectively. If the mean diameter and length of a coil are first 
decided upon and the inductance required is known, we may determine 
the required number of turns hy transposing the indvctance formula to 
follow. But rather than do this a primary and secondary coil will be 
selected which are known to be near to the inductance desired and their 
inductances computed in accordance with the formula. This will dxow 
the experimenter how to use the formula so that he may calculate the 
inductance of any primary and secondary coils he may have at hand. 
One or two trial computations will reveal the correct dimensions for any 
given inductance in practice. 

Nagaoka's formula for computing the inductance of coils may be 
expressed as follows: 
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L = inductance in centimeters 
a~mean radius of the coil in 
» = total number of turns 
b -^ equivalent length of cxiil ii 

£ = a factor varying as -r 




t the closed (wd open dtcuita of tba u 



The values of K for the ratio -^ appear in Fig. 27 (taken from page 224, 

Bureau of Standards Bulletin No. 169, Vol. 8, No. 1). 

Adopting a coil of dimensions which is known to be suitable for the 
primary of Fig. 26, we will make it of three turns of copper tubing M' 
in diameter^ as a conductor of low resistance is essential to this circuit. 
The mean diameter will be 7* and the distance from center to center of 
each turn will be 1 ', that is, the pitck of the winding is 1 '. 



r 



bi'iodo 



-ooooo 



r LEMTH -N'D. WHLU 
N>nHOL£ NUMBER or TUUS 
FOR k CmSC WIHOMfc b- H'D 

^o-wuH sanus 

b • OVIUtL LEH6TH 

•DlMWCE BETYfHN CSWnei- 

DIAMETER OF CONOUCTOR 
— INCLUDING IN&UL«TtON FOR* 

OOSELY WOUND COIL. 



?•" 



Fia.SS. Showing how tba dimen 



lil an nlaled to NMRto^'' ""^ Loceni'i ladncitanee ton 



Fig. 28 shows how the dimensions of the coil are connected with the 
formula; a, the mean radius is the distance from the center of the coil to 
the center of the wire; 2a is the mean diameter; b ia the overall length 
which is nXD, where n is the whole number of turns and D the pitch 
of the winding. 
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The pitch of the coil above is 1", that is, it is 1" from the center of 
wire No. 1 (Fig. 28) to wire No. 2. The "equivalent length" is there- 
fore 3X1 or 3". 

Using the notations in formula (40) and remembering that l'' = 2.54 



b=(3x2.54)=7.62 

o=(3MX2.54)=8.8fl 
451^-39.47 



Entering Fig. 27, following the line leading from the notation 2.33 
in the B column to curve B, and thence downward to the horizontal 
axis (using the B notations), we find 2.33 = 0.49 (approx.) the value of K. 
Hence, 

L=39.47X ^^-^2?'^'' XO.49^1805 cme. . ■ 



a value in excess of the desired primary inductance but preferably so, as 
will be explained. 

USE OF THE CORSECTION TERM.— The inductance computed 
by formula (40) is termed the "current sheet" inductance, based upon 
the assumption of a coil wound with infinitely thin tape, the turns of 
which touch but are not in electrical contact. The "current sheet" 
length of a coil is equal to the whole number of turns multiplied by the 
pitch of the winding. Dr. Rosa has givMi a correction factor for the 
practical coil, which is negligible with some coils and important with 
others. 

The result obtained by formula (40) is- sufficiently accurate for the 
amateur's needs, but if he desires greater precision he shoiild apply the 
correction formula, the use of which follows: 

Letting 

Lt • current sheet inductance aa in (40) 
jj = true inductance 
Z:t=the correction value, then 
L=i,— i«. 

In other words, Le must be subtracted from L, as obtained from (40). 
Now 

Lc = 4:iran(K,+ K,) (41) 



Here, iCi is a constant -rr- , where D is the pitch of the winding {the 

distance from center to center of successive turns) and d the diameter of 
the wire. K3 takes into account the difiference between the true induct- 
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ance of a turn of wire and that of a turn of the current sheet. Ka is 
arother constant, which depends upon the difference in the mutual 
inductance of the turns of a practical coil from that of the current sheet 

inductance. In Fig. 29, Kt is plotted against the ratio of -j: and in 

Fig. 30, Ki against the number of turns. It should be noted that Ka 
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may be positive, negative, or zero. To the left of the zero line Fig, 29 
it is negative, to the right, positive*. 

Applying formula (41) to the problem just worked out we have 

first ^ =0.25 and from Fig. 29, 

Kt= — 0.8 (note negative aign) 
n=3 and, therefore, from Fie. 30, KfO.nb (approx.) 

4 5r = 12.566 



tc=12.566X8.89X3 (—0.8+0.175) 
£,= 12.566X8.89X3 (—0,625) 
Lc=(— 208)cm8. 
L-i.— i*=1805— (— 208)-2013 cms. 

The value, 2013 centimeters, is too large, for according to the previous 
calculations the inductance of the primary L should not exceed 14(X) 
centimeters. Moreover, 400 to 600 centimeters must be allowed for the 
connecting leads leaving about 900 centimeters (0.9 microhenry) as the 
actual inductance of the primary L, Fig. 13 or Fig. 26. This will mean 
in practice that not C|uite two turns of the primary of the dimensions we 
have selected can be employed, for x = 200 meters. But it is well to have 
an additional turn or more, aa it is doubtful if the amateur by using 
fompula (34) can predetermine' the dimensions of a condenser to have 
the exact capacitance of 0.008 mfd., because of the different inductivity 
values of various grades of glass. 

The exact position of the tap on L in Figs. 13 or 26 for 2(K) meters can 
easily be found by a wavemeter, but it is of considerable advantage to 
be able to predetermine the approximate number of turns required before 
going about the construction. The amateur may use formula (40) to 
calculate the inductance of any primary or secondary coil he has at 
hand, whether used in the transmitting or receiving radio frequency 
circuits. 

DETERMINIRG THE ANTENNA INDUCTANCE.— We have shown 
that approximately 32,000 centimeters were required at the base of the 
aerial in F^. 26 to raise its wave length to 200 meters. We may assign 
part of the inductance to the secondary of the oaciUation transformer and 
the remainder to the aerial tuning inductance. We will allow 10,000 
centimeters for the secondary and 22,000 centimeters for the aerial tuning 
inductance. 

The primary coil as already determined consists of three turns, spaced. 
1 " from center to center and with a mean diameter of 7". Tlie secondary 
may be larger in diameter, or smaller, or the same size. It is rarely 
necessary to build the oscillation transformer so that tiiese two coils are 
telescopic. Sufficient coupling is generally provided when the coils 
are placed "end-on." 

We will arbitrarily make the secondary coil of the same mean diam- 
eter, with a smaller conductor and less spacing between turns. We will 

*Vl>)|I^o( Kiaod Kitaay be interpalated from page 234 "Radio InBtrumenta and MeamirenHDU." 
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use a secondary coil of 10 turns of ?^' copper tubii^, with a pitch of ^' 
and a mean diameter of 7". 

Using formulae (40) and (41), 



equivalent length = n X D = 10X54 =7 W 

n = 10 turns 

o-(33^X2.54)=8.89cini 
& = (7^X2.54) = 19.05ci 



=0.703 

_oo-7^.8^89'XlCP_ 



X0.703=ll,509cms. 



For the correction term using formula (41) 



a ^8.89 cma. 
n= 10 turns 

A=2^=0.25. Therefore K, OS 

K, -0.266 

L,=12.566X8.89X10 (— O.83+0JJ66) 
= 12.666X8.89X10(— 0.564) 

L = 11509— (-^28) = 12,137 cms. 



This value is too high but it is well to have an extra turn or more to 
make up for inaccuracies in other computations. 

The primary and secondary coils of the amateur transmitter need not 
have the over^ dimensions given, viz., primary S'x?" and the secon- 
dary 7}/^'xT. Other diameters, spacinga, and lengths are satisfac- 
tory. These dimensions were selected principally to indicate the method 
of computation. They are, however, correct for an amateur's trans- 
mitter. The spacing between turns should not be reduced unless insu- 
lated wire is employed, or the secondary voltage of the power trans- 
former is less than 10,000 volts. 

INDUCTAWCE OF THE ANTENNA LOADING COIL.— It is now 

necessary to determine the correct dimensions of a coil to have inductance 
of 22,000 centimeters. We will arbitrarily use a loading coil of the same 
dimensions as the secondary but twice the length. The experimenter 
must understand that a coil twice the length of our first calculation will 
give more than twice the inductance. But aa explained in connection 
with the previous problem, a few additional turns are desirable. 

Using the previous dimensions in regard to spacing and diameter, 
we will make the aerial tuning inductance of 20 turns of ^fs' copper tutt- 
ing with a winding pitch of %' and a mean diameter of 7'. 
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Using fonnula (40) , 



equivalent length =20 Xii = 15' 
n = 20tum8 

a-(3H'X2.54)-.889ci 
6=(15x2.54)=38.1cm£ 



X= 0.828 

L-39.47X ^^^^"' X0-828=27,I17 ci 



For the correction factor using formula (41) 



n=20 
d_ 0.1875 
d" 0.75 

KfO.a 

- =12.566X8.89X20 (—0.8+0.3) 



-0.25. Therefore K,-— 0.8 



-'12.566X8.89X20(— 0.5) 
=—1117 cms. 
L-27,117—C— 1117) -28,234 cms, 



The few extra turns will make up for inaccuracies due to factors 
Burrounding the antenna which the wave length computations do not 
take into account. 

Should the dimensions of the amateur's aerial differ from those 
given in the tables of Figs. 20 and 21, and should he desire to calculate 
the dimensions of a secondary coil to raise the wave length of 200 meters, 
he should employ the inductance and capacitance of the aerial in the 
tables that correspond closely to the dimensions of his aerial, and 
compute as explained in connection with formula (39) . Simple methods 
of measuring the inductance and capacitance of any aerial will be des- 
cribed on pages 297 to 300. After the values have been determined by 
measurement, the necessary secondary inductance for a given wave 
length may be computed with considerable accuracy, 

FINDING THE NUMBER OF TURNS FOR A GIVEN INDUCT- 
ANCE. — Suppose it is found that for a given wave length a secondary 
coil of 35,000 centimeters is required. By transposing formula (40) 
we may determine the required number of turns provided we first decide 
on the mean diameter and the length of the coil. 

From (40), 
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n= number of tunu 

a-metm radius in cms. 

6 =leDKth of "current sheet" 



L— inductance in cms. 

Since there are n turns in the length b, the coil must be wound with a 

pitch — . K the pitch proves to be less than the diameter of the wire, 

or gives a winding with the turns too close, the designer must assume a 
new length and try again. 

It is clear that if the coil is to be UBed as the secondary of the oscilla- 
tion transformer in a transmitting set, it must withstand high voltages, 
and the turns must therefore be well spaced. 

Let us arbitrarily take a coil of t^^' copper tubing, wound on a form 
24' in length with a mean diameter of 7', and determine the number of 
turns required for an inductance of 35,000 centimeters. 

Using (42) above. 



^■^-0.29. (Prom curve Fig. 27) 

K- 0.887 

L -35,000 

4 T* =39.47 



39.47X(8.89)'X0.S 
n= V 771-27.8-28 turns (appTOx.) 



--2.17cin8.-0.8 



That is, for an inductance of 35,000 centimeters on the above form 
we must wind 28 turns of Xi' tubing, spaced 0.85' from center to center. 
This gives ample spacing between turns for moderate voltages. 

INDUCTANCE OF A FLAT SPIRAL.— The pancake type of oscilla- 
tion transformer is widely used. It consists of a few turns of copper 
strip or ribbon mounted on a bakelite or hard rubber base. It offers 
the convenience that a sliding contact may be mounted on a revolving 
arm, by which the inductance may be varied by any small fraction of a 
turn. The construction is slightly more difficult than the plain helix 
type and the calculation of the self-inductance rather tedious. 

The following formula is applicable. For extreme accuracy a cor- 
rection term must be applied. It is purposely left out here as the error* 
wilt not harm in the practical amateur set. 

•See pp. 260-281 "Rsdio Initrum^DU and M^uurements." 



>dbyGooglc 



Wireless Experimenter's Manual 




K«UN^'wiDt^ Thick 



re ralat«d to the ioduoEuios [on 



b t 


Yi 


b^ 


Yt 


.10 


.5490 
.5924 


a 

.025 
0.05 
.10 


0.59T 
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0.35 
.40 
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0.744T 
■.7900 


1 


.877 
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0.55 
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1 


0.75 
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.8421 


.90 
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0.S480 
.8485 


!:S 


0.W1 



The following expression appliea to pancake coils where b is less 
than c. 

L..01267.„. [2.303 (l+3^j£i) lo»,.f -„+i£r ..] («) 
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L- inductance in microbcDries 

n= number of turns 

b=width of ribbon (equivalent length) 

c—nXD, where Z)=pitchof the windings center of crosa section of one turn 

to cente r of next turn 
d= V(»'+c' = diagonal of the cross section 
0= mean radius =oi+Ji(n — l)D,whereai = 3^ of the distance AB, in 

Fig. 31 



from table Fig. 32. 



Assume the coil in Fig. 31 consiste of 5 turns of copper ribbon J^* 
in width, i/„' in thickness wound with a pitch of ^'. The inner diam- 
eter ^ to B 15 4". 

Remembering 1 inch = 2.M cms. the following data obtains: 

n=5 
6=JiX2.54=0.635cm. 



D=S^X2.54=0.9525cm. 

o=i^+i^ (4X0.9525) -6.986 cms. 

e=nXD=5X0.9525 -4.7626 cms. 

— - ''-^g -0.1331 and from table Figisa 

and i/i =0.6059 

_ c* ^22.68X4 

c>= V0.4032+ 22.7214 = 4.808 

= 11.63. Logio 11.63-1.0652 



L-0.01257X6,985X25 [2.303 (l+^^^^|gl|g) 1.0652-0.6180 



22.6814 , 



A couple of turns of this coil would be sufficient with a condenser of 
0.008 mfd. for the wave length of 200 meters. 

TRANSFORMER DESIGN.— The fotlowiog discussion deals in gen- 
eralities. The author's aim is to give the amateur an insight into the 
relations between factors in transformer building. The phenomena of 
resoQEDce and magnetic leakage are not taken into account. 
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It is recommended that the amateur not skilled in electrical con- 
struction or with limited time on his hands, purchase an assembled 
transformer. It will probably prove more satisfactory and more effec- 
tive than the home-made instrument, principally because the manu- 
facturer has the facilities for impregnating the secondary coils with 
insulating compound which is done by the aid of a vacuum pump. 
Moreover, through a aeries of experiments the manufacturer is enabled 
to obtain the correct operating characteristics for a particular service, 
which the general formulae for transformer design perhaps do not take 
into consideration. 




tial typo of closed core t n 



Actual details of construction and instructiona for the assembly of 
the transtormer designs here given are treated in the chapter following. 

Advance knowledge of certain quantities is absolutely essential in 
transformer design. Take, for example, the diagrammatical sketch of 
the transformer in Fig. 34. For a given primary input, frequency, and 
e.m.t. we wish to determine the length and cross section of the core, the 
(urns in the pnmary and seconrfary, the sizes of the primary and secon- 
dary wires, and the over-all efficiency. 

There are two principal energy losses in transformation, viz., the 
copper losses and the core losses. The former are due to the cross sec- 
tion of the primary and secondary turns, that is, their resistance, and 
the latter to eddy currents and hysteresis. All of these losses are mani- 
fested in the form of heat. 

The eddy currents are those which are induced in the iron lamina^ 
tions by magnetic induction. The losses due to eddy currents may be 
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Fia, 34. Geoerol eoiutructioa of hi(h voltsce tranBCormerti Buitable far 



kept at a minimum by insulating the sheets of iron from one another by- 
dipping them in varnish or some other insulating compound. Rusty 
sheets of iron have sufficient resistance to reduce eddy currents. 

The hysteresis losses are produced by the rapid reversals of flux 
through the core, which cause molecular friction and result in the gen- 
eration of heat. 

The quality of the iron, in so far as it pertains to its saturation point, 
has a marked effect upon the efficiency of the transformer. It is to be 
thoroughly understood that in the designs to follow, the use of the best 
transformer silicon steel is assumed, such as the "Apollo special extra," 
or "Apollo special electrical." The latter is a standard in the manu- 
facture of 60-cycle transformers. The standard gauge for 60-cycle 
work is usually No. 29, the thickness of which is 14.1 mil8 = 0.014'. 
Steel of a slightly heavier gauge may be employed if desired. 

The hysteresis loss in transformer cores may be calculated approxi- 
mately by the following formula: 



Wi 



_KXNXB'» 



(«4) 



TFa=Io33 in watts per cub. cm. of core 
W'=freqaency in cycles per second 
B=flux density per sq. cm. 
1 sq. inch =6.45 sq. cms. 
10' = 10,000 ,000 
K =liy3(«resia coefficient varying from 0.(XX)6 to 0,006 

=0.0021 for plain transformer steel -0.00093 for the best grades of silicon 

The eddy current loss may be determined by 



ir<>-loBain watts per cub. cm. of core 
K = 1 .65 for plain transformer steel 
—0.57 for ailicon eteel 
{•■thicknesa in centimeters 
jV=frequency of applied e.m.f. 

fi =flux density— Imes of force per sq. cm. of cross section. 
10" = 100,000,000,000. 1 inch =2.64 cms. 1 sq. inch -6.45 sq. c 
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TABLE Vn 

WATT LOSS PER LB. IK SILICON STEEL TEAKSFORMER 
CORES 
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Fio. ■16. Kddy current BJid byeieresia Loasei tor tbe best grades ol silicon trsnsloimer steel eipresaed in 

It is convenient in transformer design to consider the two core losses 
as one. If the total core loss be expressed in watts per pound and the 
loss to be expected in a given transformer can be predetermined, it is 
clear that 






■■bital we^t of transfor 



And since 1 cubic inch of transformer steel weighs approximately 0.278 lb. 
then, 



volume of core in cubic iocbes = 



0.278 



(47) 



The third column of the table in Fig. 35 shows the combined hysteresis 
and eddy current loss for various ilux densities per square inch (from 
12,000 lines to 64,000 lines) for the best grades of silicon transformer 
steel. The fourth column shows the hysteresis loss and the fifth column 
the eddy current loss. This table is correct for the frequency of 60 cycles. 

For the best grades of silicon steel at 60 cycles, it is safe to allow a 
flux density of 60,000 lines per square inch. For higher frequencies the 
density should be proportionally less. At 500 cycles, for example, 
16,000 to Z0,0O0 lines per square inch is the maximum permissible satura- 
tion. 

For operation at 60 cycles much lower flux densities must be em- 
ployed for the poorer grades of iron often used by amateurs^not over 
30,000 lines per square inch. This calls for an expensive design, i.e., 
increased number of primary and secondary turns with increased copper 
losses. 

At this point the builder should understand that maximum efficiency 
is generally obtained when the copper losses = the core losses. The 
design of aH kw. 60-cycle transformer follows. 
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THE DESIGN OF A 3^ KW. 60-CYCLE, 15,000 VOLT TRANS- 
FORMER.^ We will determine the dimensions of a H kw. 60 cycle trans- 
former built after the sketch of Fig. 34, the primary to operate oS 110 
volts and the secondary to deliver 15,000 volts. 

If there were no magnetic leakage the secondary volt^e would bear 
the relation to the primary voltage as the ratio of the secondary and 
primary turns, that is, if £, = secondary voltage, 7',=secondary turns, 
Ep primary voltage, rp = primary turns, then 



For a preliminary computation no great error results in considering 
the leakage to be zero. 

From (48) we may obtain the ratio of transformation for if ffp = 110 
volts, £, = 15,000 volts, then 



This means that the secondary must have 136.3 times the number of 
turns in the primary in order that the secondary e.ra.f, may equal 
15,000 volts. 

The primary turns may be obtained from the formula following, which 
is the fundamental equation for the transformer: 

' 4.44XoXi*XJV ^*'' 



rp = primary turns 
^=primary voltage 

a = cross sectional area of the core in sq . inches 

B=flux density per sq. inch of core cross section 
^ = priniftry frequency 

It is to be noted that the number of turns depends solely upon the 
e.m.f., flux and frequency. The size of the wire is determined by the 
capacity of the transformer. 

In the problem under consideration E and N are known, but a, the 
cross sectional area, is preferably decided upon from knowledge gained 
through experience, and B, the flux density, by the permeability of the 
transformer steel to be used. 

With the best grades of transformer steel it is safe to allow 60,000 
lines of force per square inch. We will make the height and width of 
the transformer core 1^'. 
Hence, 

£-110. 108 = 100,000,000. a = 1.75Xl.T5 = 3.0625'. B-60,000. JV = 60. 
_ 110X100,000. 000 _ooc. 

'''-4.44X3.0625X60,OOOX60"'^''^^""^ 
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For the secondary turns, transposing (48), 
F 



15.000 
' 110 



X225=30,660tumB. 



The procedure from this point on is to determine the resistance of the 
primary and secondary turns, the primary and secondary currents, and 
the length of the cores upon which the primary and secondary coils are 
mounted. The pieces of iron which close the magnetic circmt between 
the two cores will be called the yokes. 

When these data are obtained, we may determine the copper losses 
in the primary and secondary; the sum of these losses in turn giving the 
core losses from which the volume of the complete core is obtEuned. 
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The builder must bear in mind that the maximum efficiency is gen- 
erally obtained when the total copper loss = the total core loss. 

To keep the voltage between layers at a safe value the Becondary 
should be made up of "pies" K' in width. After the pies are wound 
they should be thoroughly impreguated with molten parafSne aod 
separated from one another by discs of empire cloth. 

If the secondary is divided into 18 pies J^' in width, the space re- 
quired by the pies will be - . =4.5'. Micanite or fibre washers (or sim- 
ilar insulating material) should be placed at each end of the secondary 
to prevent the high voltage currents from discharging through the core. 
If f4' is allowed for the taping of the secondary pies and the insulating 
discs between, and J-^' for the end washers, it is clear that the length of 
thesecondary will be 4.5+0.75+0.25 = 5.5*, which is the height of the 
transformer window Fig. 36. 

The length of the core obviously is 5.5 +1.75 +1.75=9'; and the 
length of the two cores = 9x2 = 18''. 

The volume of the two cores in cubic inches = 1.75X1.75X18 = 55.1. 

If the copper losses in the primary and secondary are now determined, 
the core losses may be fixed and the length of the yokes determined 
accordingly. 

To obtain the mean length of a secondary turn, and hence the total 
niunber of feet in the winding, it will be assumed that the coil is rect- 
angular in shape, although even if the winding is begun on a square 
form it will gradually become a circle. It is necessary first to determine 
the sizes of the wires. The sizes of the primary and secondary wires are 
determined from knowledge of the primary and secondary currents. 
The currents should be calculated from the k.v.a. readings, which as 
explained before involve the power factor. 

The power factor in transformer circuits is usually rather low, not 
much over 0.8 and since for the primary circuit, 

Wp-EfXhXP.F. (50) 

Then the primary current, 
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TABLE IX 

WEIGHTS OF SMALL SIZES OF MAGNET WERE 

(G. E. Co.) 



Slie 




Wright 


in Pounds pel 1000 Feet 
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Fis. 37b. Uaeful Ubie glvlog the weights of anislJ siies of mBgnet wire. 

For small transformers, the cross section of the wire should be such 
that the current density for the primary does not exceed ISOO amperes 
per square inch and for the secondary 1 100 amperes per square inch. We 
will allow 1200 for the primary and 1000 for the secondary. 

The diameter of the primary and secondary conductors may then be 
determined from the formulae follpwing: 



Current density =-j- 
where 



Transposing, 



/ = current in amperes 

^ = area of the conductor in square inches. 



current density 



For the primary 



A = 7^=1 =0.0041 square inchee. 
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For the secondary 

d -y^=0.000036 square inches. 

As will be noted from the fifth column, Fig. 37, giving the area of 
B&S wire sizes in square inches we find that the nearest size correspond- 
ing to 0.0U0036 is No. 33, and to 0.0041, No. 13. 

To determine the mean length of the primary and secondary turns, 
the depth of the windings, their resistances, etc., the procedure is as 
follows: If 30,660 turns are to be split between 18 pies, then, 



Turns per J^" layer =-j=16. 

Layers per pancake =-j^=106. 

From the table Fig. 37, diameter 

of No. 33 d.c.c. =0.01508'. 

Depth of secondary winding =106x0.01508-1.59'. 

If the secondary pie is rectangular in shape as the core, and the core 
is covered with insulation J-^" in thickness, then 

the mean length of a secondary 

turn _ =(1.75+1.59+0.125)4 = 13.86*. 

Number of feet in secondary ifiRfin 

winding =13.86x^^=35,412.3 ft. 

From the table Fig. 37, resistance 

of No. 33 B&S wire per 

lOOOtt. =211 ohms. 

Resistance of secondary -35.4123X211 =7472 ohms. 

Allowing 5* winding space for the primary we find from the table 
Fig. 37 that No. 13 d.c.c. wire permits 11.88 turns per inch, hence 

turns per layer =5X11.88=59.40=60. 

The number of layers =-^ =3.75=4 

FromFig.37,diameterof No. 13 

d.c.c. =0.083" 

Depth of winding =0.083'X4=0.332* 

Allowing '/ffi" for insulation be- 
tween primary and core, 
mean length of turn =(1.75+0.0625+0.332) 4=8.57' 

Numberof feet in primary wind- oo^vs VT 

ing =££2^:21 = 160.6 = 161 ft. 

From table Fig. 37 resistance of 

No. B&S per 1000 ft. =2.04 ohms 

Resistance of primary =■ 161 X2.04 =0.328 ohm 
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Having determined the resistances and current for the primary and 
secondary windings, the primary loss may be expressed: 



Wp=nRp 




(53) 


The secondary loss: 






w,=n R. 




(54) 


Hence 






Wp = 5X5x0.328 = 8-2 watts 






^,=0.036X0.036X7472=9.6: 


S watts 




Total copper losses=9.68+8.2 = 17.88 watts. 







As already noted the core and copper losses should be approximately 
equal. Hence, core loss = 17.88 watts. Assume that the transformer 
steel (at a flux density of 60,(XH) lines) has a core loss of 0.82 watt per lb. 
at 60 cycles (which is a fair average for sDicoa steel), then it will re- 
quire -fr-Qo =21,7 lbs, of steel for the complete cores and yokes. But 
since 1 cubic inch of transformer steel weighs 0,278 lbs., the core must 
have a volume of „ 070 = ^S cubic inches. 

We know that the length of each core is 5.5 + 1,75 + 1.75 = 9", and two 
core3 = 2x9 = 18''. Hence. the volume of the cores (as previously 
shown) in cubic inches = 1.75Xl.75X18 = 55.1''. This leaves 78—55,1 
= 22.9 cubic inches for the yokes. Dividing the volume of the yokes by 

the cross section we obtain the length of the two yokes, i.e., 

= 7.47". Dividing this by 2 gives 3.73" (3.75" approx.) as the length of 
each yoke. 

The dimensions of the completed transformer are given in Fig. 36 
and in the table Fig. 38, The long pieces of steel are 5.5 + 1.75 = 7)^* 
in length. The short pieces are 3.75 + 1.75 = 53^" in length. 

1-7 
'0.014 

sheets for each core and yoke. That is, the builder requires 250 of the 
long sheets and 250 of the short sheets mentioned in the paragraph 
preceding. 

It is now in order to determine the over-all efficiency of the trans- 
former. 



22.9 
3.0625 



_ output 



™»~y-=S' <«) 



output+iron losses+copper losses 
"500+17. 8S+ 17 -88 =^3-3%- 
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The table in Fig. 38 gives the dimension of %, }^, and 1 kw. trans- 
formers to operate ofE 60 cycles at 110 volts. The secondary voltage is 
approximately 15,000. 

Sketches of the dimensions of the 60-cycle transformers appear in 
Figs. 36, 39 and 40. 



t— 'I- 



-»( ■ 



^ K.«. 60 ojcle 



/*""■' 


]? 


M UlLS 






1^ H • 


1^ >i J 



Fig. 39. Oenenl con di 



» Cor ■ H kw., 6l>H^yde, 15,000 v( 



Data is given also for the design of a H t'w. 500-cycIe transformer. 
The total core loss per pound at this frequency is 1.2 watts. Data and 
constructional details for 500 cycle transformers of other capacities are 
not given for the reason that the amateur usually does not possess a 
500-cycIe source. The dimensions for other inputs may be obtained by 
the line of reasoning presented in connection with the 60-cycle trans- 
formers. The results will be approximate but a series of subsequent 
experiments with the desired secondary capacity in shunt will reveal the 
correct operating characteristics. For example, a lesser or greater 
number of primary and secondary turns may be tried with a wattmeter 
and ammeter connected in the primary circuit to determine the most 
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satififactory adjustmentB. Usually a primary reactance or choke coil 
external to the transformer will permit the desired regulation of current 
and watts input. 

The theory of the open core transformer has not been touched upon 
because the formulae for their design are for the most part empirical. 
The designs for the two sizes given, however, have been tried out in 
practice and have proven satisfactory. The closed core transformer 
for a given output requires less material than the open core and is, there- 
fore, less expensive to build. 



I KW. 60 CYCLE 3-7" 



s.r 



]i 



[1.40. Genenil con dimeni 



lkw„e04yck. 18,000 vc 



SIXTY-CYCLE TRAHSFORMERS AT LOWER FLUX DENSI- 
TIES. — The builder should note that the table for GO-cycle transformers 
calls for the use of high grade transformer steel. If poorer grades of steel, 
i.e., plain steel or Russia iron, are employed the core losses are greater, 
requiring many additional [>ounds of wire to give the same voHage as 
the transformers with the better grades of steel. 

To illustrate the point, assume that the transformer steel will oiily 
permit 30,000 Sux lines per square inch; then the 1 kw, 60 cycle trans- 
former, operated at the voltages and frequencies given in the preceding 
table will require a core 2" square, with inside dimensions ll'x6' and 
outside dimensions IS'xlO'. The primary will require 320 turns of 
No. 10 d.c.c. (295'), and the secondary 44,000 turns of No. 31 d.c.c, 
(64,336'J. This amounts to 94 lbs. of wire for the primary and 19 lbs. 
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for the secondary. The secondary may be split into 24 pies, J^' wide, 
with 1833 turns per pie. 

The ^ kw. transformer will require a core Ij^' square, with inside 
dimensions SjS^'xTJ^'fiiid outside dimensions 9'xlO?^'. The primary 
will require 450 turns of No. 13 d.c.c. (375') and the secondary 61,335 
turns of No. 34 d.c.c. (83,376'). This amounts to 6 lbs. of wire for the 
primary and 13.3 lbs. for the secondary. The secondary turns may be 
divided between 24 pies, M' wide, with 2555 turns per pie. 

TABLE XI 
DATA FOR SPARK COILS 
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Fia. 41. Windinj data snd (eneral diroBiuions of spark coils siiiisble !op lo»-po»er ami 

TheJ^ kw. transformer will require a core IJ-^" square, with inside 
dimensions 23>^'x4J-^"', and outside dimensions 5J-^''x7J-^''. The 
primaryis wound with 611 turns of No. Ibd.c.c. (478') and the secondary 
with 83,279 turnsof No. 34 enamel (83,265'). This amounts to 4 lbs. 
of wire for the primary and 10 lbs. for the secondary. The secondary 
may be split into 15 pies, J^* wide, with 5551 turns per pie. 

A table of the dmiensions and general data for spark coils is given in 
Fig. 41. General dimensions are given for 1", 2", 3" and 4' coils to be 
operated off 6 to 12 volt stor^e batteries. 

A fundamental wiring diagram of an induction coil with a magnetic 
interrupter is shown in Fig. 41a. P, the primary coil, is wound over the 
iron core C. The core is composed of a bundle of fine iron wires (No. 22 
or 24) which are bound together with tape and then covered with one 
or two layers of empire cloth. The secondary S is split into sections. 
Each section is wound with many layers of wire separated by thin sheets 
of paraffined paper. The condenser K-l, prevents arcing at the in- 
terrupter contacts. The dimensions of the condenser for various coil 
sizes are given in the table. They are made up of several sheets of tin- 
foil separated by paraffined paper. 

PRIMARY IMPEDANCES OR "CHOKES."— Primary chokes or 
reactance coils must be employed with the 60-cycle transformers, de- 
signed in accordance with the data in Fig. 38. The flux leakage in these 
designs is comparatively low, and when the spark discharges across the 
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gap, the transformer is on short circuit. This may cause an 
rise of the primary current and may burn out the transformer. 
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Fio. 41b. Fundsmentsl wiring diBgram of aa induction coil for the production of high voltage cumnU 

An experimental primary choke for the 1 kw. transformer may be 
made on a core 2' square, 15' in length wound with 4 layers of No. 9 
d.c.c, wire. Thfe coU may be tapped at the middle and ends of each 
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/■Winding 



Via. 42. HeMtancereguialoroftheopencoretype. Suchchokes 
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>db, Google 



Radio Design 



81 



layer, and leads brought out to a multipoint switch. Aa an alternative 
the coil may be wound on a tube so that the core can be moved in and 
out of the coil. Very close regulation of the primary current may be 
obtained in this way and the necessity for a multipoint switch avoided. 

The choke for the H kw. transformer may be wound on a core 1%* 
square, 15" in length wound with four layers of No. 13 d.c.c. wire, tapped 
in the middle of each layer. 

The choke for the M kw. transformer may be wound on a form 1}^' 
square, 14" in length wound with four layers of No. 14 d.c.c. wire. The 
coil is tapped in the middle of each layer. 




These primary chokes will be of considerable value in obtaining 
resonance between the transformer and the frequencj^ of the source. 
Such regulation ia particularly desirable if a series multiplate spark gap 
is employed. The chokes must be employed, in any event, to cut down 
the primary current. 

The chokes may be wound on a straight iron core as in Fig. 42, or 
on a "U" shaped core as in Fig. 43. The reactance of the choke in 
Fig. 43 is varied by drawing the iron core in and out of the coils A and B. 

MAGNETIC LEAKAGE.— With all types of spark transmitters, the 
power circuits should be designed to have a certain amount of magnetic 
leakage. The reason for this is that the discharge at the spark gap 
places the secondary of the transformer on short circuit. This not only 
causes an excessive rise of current which may burn out the transformer, 
but the arc formed at the gap prevents quenching of the primary osdlla- 
lions. Lack of quenching permits the antenna circuit to re-transfer a 
part of its energy to the spark gap circuit and this interchange of energy 
raises and lowers the impedance of the oscillation transformer so that 
oscillations of two frequencies flow in the antenna circuit resulting in 
double wave emission. 

To secure single wave emission under such conditions, the coupling 
of the oscillation transformer must be reduced until quenching takes 
place. This, of course, decreases the antenna current and, accordingly, 
the range of the set. 
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On the other hand if the transformer circuits have sufficient magnetic 
leakage the primary current is limited to a definite maximum; there ia 
then less tendency towards arcing at the spark gap , the spark note is clearer 
and a closer coupUng may be employed at the oscillation transformer. 




5-i 



pPI 



FIGURE 45 






FIGURE 46 
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The requisite flux leakage does not necessarily take place in the 
transformer. Special design of the alternator gives flux leakage at the 
armature when the transformer is short circuited. The primary chokes 
described in the preceding paragraph give practically the same e£Eect. 
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Figs. 44, 45, and 46 show how magnetic leakage may be secured. 
In Fig. 44 the tongues A B, form an air gap across which leakage takes 
place. In Fig. 45, the primary P and secondary S are wound on the 
short legs of the core thus giving leakage through the yokes Y. In 
Fig. 46 the transformer core has the adjustable air gap A B, through 
which the proper regulation may be obtained. Experimentation with 
these various methods permits the builder to obtain any desired oper- 
ating characteristic. The power factor may thus be brought up to 
0.8 or 0.9 and wastage of the primary power may be thereby prevented. 

RESONANCE TRANSFORMER. — The principle of resonance has 
been utilized in transformer circuits to assist quenching of the primary 
oscillations by preventing arcing at the spark gap. As an illustration, 
take the circuit of Fig. 47. Since the primary coil and the secondary 
coil of the high voltage transformer are closely coupled, any change of 
capacity in the secondary condenser will tune the primary circuit, in- 
cluding the armature coils of the alternator, to the frequency of the 
source iV as well. 




^^ MOTE MAXIUUM 

lay be obtuued in transfoi 
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Resonance may be established by varying the capacity of the high 
voltage condenser, noting the reading of the ammeter A, until a maxi- 
mum is secured. Or, the capacity of the condenser being fixed resonance 
may be secured by variation of the reactance X. During this test, the 
spark gap should be opened sufficiently to prevent sparking. 

It then will be found that some value of secondary capacity or a 
combination of some value of secondary capacity and primary reactance 
will give a maximum as read at the primary ammeter. 

The beneficial effects of resonance are then as follows: When the 
spark discharges at the gap, the secondary of the transformer ia short 
circuited, the resonance condition between the source JV and the trans- 
former circuits is destroyed, and the gap potential falls off rapidly reduc- 
ing the tendency to arc. Due to the destruction of the transformer arc 
the primary oscOlations are more efEectively quenched and single wave 
emission results. 

It has been found difficult with resonance transformers to maintain 
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a uniform spark discharge; that is, a clear spark tone. If the trans- 
former is worked from 15 to 20 per cent off resonance, the spark tone is 
more readily maintained without sacrificing greatly the good effects of 



The natural frequency of the transformer circuits is generally 15 to 
20 per cent greater than that of the alternator. Just how much greater 
it must be for satisfactory operation must be found by experiment 
for a great variety of transformer designs are encountered in practice. 
The resonance condition is dependent upon many things, such as the 
inductance of the dynamo armature, the mutual inductance between 
primary and secondary and the capacity of the secondary condenser. 

The secondary voltage of a resonance transformer may be considerably 

T, 
greater than the turn ratio -^;— . A transformer not constructed with 

particular regard to insulation may burn out as the resonance point is 
approached. It may develop with some designs that the capacity re- 
quired for resonance will exceed the maximum possible for 200 meters, 
viz., 0.01 mfd. Only the experimenter who possesses a motor generator 
will be able to take full advantage of the resonance transformer phe- 
nomenon. The varying fower factor of transmission lines would intro- 
duce a constantly changing set of conditions which could not be com- 
pensated for rapidly enough to be effective. 

THEORY OF SPAHK DISCHARGERS.— When the closed oscilla- 
tion circuit of a wireless telegraph transmitter acts inductively upon the 
antenna circuit, and the spark gap is one in which the insulating qualities 
of the included air are not quickly restored between sparks, part of the 
energy of the antenna oscillations is retransferred to the closed circuit. 
The interchange of energy between the open and closed circuit results 
in a complex action which modifies the frequency of the free oscillations 
which would exist in the closed circuit if it were not coupled to the 
antenna. In fact, it results in the production of oscillations of two 
different frequencies in both the spark gap and the antenna circuits, 
and the aerial radiates two waves. 

Double wave emission tends to decrease the range of radio transmitters 
and beyond this interferes with stations operating on other wave lengths. 
The receiving apparatus can generally be tuned to one wave length only, 
as the energy of the other wave is of no use. But if the radiated energy 
be confinetfto one wave length, the maximum effect will be obtained at 
the receiver and the liability to "jam" another station is farther removed. 

It is customary to say that "tight coupling" between the closed and 
open circuits results in "double wave emission," whereas "loose coupling" 
results in single wave emission. The truth of either statement depends 
upon the construction of the spark gap, in fact upon the design of the 
whole transmitter. For if a so-called quenched gap be employed, single 
wave emission is secured with relatively close couplings at the oscillation 
transformer. But, if a plain gap or any type of gap in which there is 
tendency to arc, be employed, single wave emission is possible only with 
loose coupling. 

The quenched gap transmitter allows the primary circuit to oscillate 
through but a few cycles, whereupon the primary oscillations cease. 
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By this time the antenna oscillations have attained their maximum 
amplitude but because the primary circuit is then silent, the antenna 
circuit continues to oscillate at its own frequency and decrement until 
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the energy originally imparted to it is dissipated. With gape which do 
not quench readily, and with tight coupling at the oscillation trans- 
former, oscillations of two frequencies are generated in both the closed 
and open circuits. Single wave emission can only be obtained by re- 
ducing the transformer coupling until a wavemeter shows but one 
maximum. The antenna current will, on this account, be less than that 
obtained with a gap giving better quenching. 

The spark gap phenomena just outlined are shown by the graphs of 
Figs. 47a and 47b. Graph 47a shows the complex oscillations obtained 
with poor quenckijig and graph 47b indicates the results of good quenchijig. 
In the latter case the primary oscillations stop after a very few swings 
even when the oscillation transformer is closely coupled. 

We take the liberty of quoting a summary of the phenomena of spark 
dischargers in radio frequency circuits from the author's "Practical 
Wireless Telegraphy:" 

"It should be understood that a transmitter in proper adjustment for 
practical use never radiates a double wave, but, in faet, should always 
radiate a single wave, of wave length and damping normal to the antenna 
circuit as adjusted, but with any transmitter two waves will appear if 
the spark gap is not in proper condition. The remedy, in event of the 
latter, is to restore the gap to its proper working qualities or to loosen 
the coupling at the oscillation transformer. 

"When the spark discharges across the gap it acts as a trigger to start 
the primary circuit into oscillation and the stored energy of the condenser 
will be transferred to the antenna circuit until in the course of a few 
oscillations (the number decreasing as the coupling is closer), the voltage 
in the primary circuit becomes so low that the spark will no longer dis- 
charge across the gap; tie primary oscillations will then cease. The 
exact value of the minimum voltage for non-sparking will depend upon 
the resistance of the gap. 

"The resistance of the spark gap always increases as the oscillating 
current decreases and if it were not for the burnt gases which exist in 
the immediate vicinity of the discharge gap the original resistance would 
be restored at the end of the first half oscillation. Since there is a lag in 
the cooling and dissipation of the hot gases this does not occur, but if the 
gap is properly cooled, that is — the electrodes do not get too hot, the 
resistance becomes so high after a few oscillations that the reduced 
voltage of the condenser cannot maintain the spark. In other words 
the spark is quenched and the oscillations of the two circuits will take 
the form shown in Fig. 476, that is — after a few swings of the primal^ 
circuit, the primary oscillations will cease and the antenna circuit will 
oscillate at its natural frequency and decrement. 

"These are the precise actions taking place in a properly adjusted 
radio transmitter, no matter what type of spark gap is employed, if the 
electrodes are clean and smooth, the ventilation adequate, and the 
coupling of the oscillation transformer is not too close. 

"The rate at which the gases in the gap are dissipated or the non- 
conducting qualities of the gap restored determines how close the coimling 
can be made without interfering with the quenching of the spark, u the 
coupling is so close that the reaction of the secondary upon the primary 
not only does not extinguish the spark but transfers energy back to the 
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primary, then the spark will not be quenched until the energy of the 
entire system has fallen to a low enough value to allow the bigh re- 
sistance of the gap to be restored. The complex oscillations shown in 
Fig. 47a will then result and double wave emission will result. If the 
spark quenches after one or two of the "beats" shown in Fig, 47a, and 
the antenna still has energy to be radiated, then investigation with a 
wavemeter may show three apparently different wave lengths radiated. 

"In all epark gaps there is a tendency toward "arcing," that is — ^for 
the spark to be followed by passage of the power current across the gap. 
This will prevent the restoration of the high resistance — the spark will 
not quench, 

"The plain, open spark gap without artificial means of cooling re- 
quires very careful adjustment and reduction of coupling to give proper 
operation, that is — freedom from double wave emission. Unless the 
spark voltage is carefully adjusted, the tendency toward arcing is diffi- 
cult to control and the action tends to be irregular. The use of special 
cooling means, such as a aeries of gaps or air blasts, enables good 
quenching to be obtained with sufficient regularity to give a clear spark 
tone." 

DAMPING DECREMENT.— The U. S. laws require that the decre- 
ment of the antenna oscillations shall not exceed 0.2 per complete cycle. 
This means that each spark discharge in the closed circuit must set up 
no less than 23 complete oscillations in the antenna circuit. The oscilla- 
tions in the wave train are considered to have stopped when one of the 
successive cycles has fallen to 0.01 of the amplitude of the first oscillation. 

If the inductance, capacitance, and resistance of a radio frequency 
circuit are fixed, the free oscillations generated therein decay at a fixed 
rate in a way similar to the decaying oscillations of the pendulum. Each 
successive cycle is the same fraction of the preceding cycle throughout 
the train. Thus the amplitude of a cycle may be 0.8 of the amplitude 
of the preceding one and so on. Instead of expressing the amplitudes 
of successive cycles by a numerical ratio it is more convenient to express 
the decay in terms of the logarithm of the ratio. Hence we have the 
term, the logarithmic decrement. 

The upper graph in Fig. 47c shows a group of damped oscillations. 

^-^=1.105 and g-^ = 

of Naperian logarithms, we find that the logarithm of 1.105=0.1, which 
is the logarithmic decrement of that particular wave train. The lower 
graph indicates a wave train the decrement of which=0.69, i.e., a case of 



To find the number of oscillations in a wave train, when one of the 
subsequent cycles has fallen to 0.01 (1 per cent) of their initial ampli- 
tude, we need only divide the natural logarithm of 100 by the decrement. 

4 6 
Since log" 100=4.6 then iT--;=46 complete oscillations for a decrement 

of 0.1. The smaller the decrement the "sharper" will be the radiated 
wave. More accurate tuning at the receiver is then possible with a 
consequent increase in the strength of signals. 
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A wave whose decrement exceeds 0.2 per complete oscillation will 
interfere with stations not sharply tuned to it. That is such a wave will 
set up currents in a receiver over a considerable range of wave lengths. 
The decrement of the radiated wave may be kept at a minimum by 
keeping the resistance of the oscillatory circuits low, by providing a good 
earth connection, and by reducing the coupling at the oscillation trans- 
former until single wave emission results. Methods of measuring the 
logarithmic decrement will be described in chapter XI. 

If the inductance, capacitance and resistance of an oscillation circuit 
are known the decrement may be calculated by the formula following: 



«^fl 



<E>decrement per complete oyde 
£=re3istance in oiaaa 
C= capacitance in farads 
ifviuauclauce in heuiiee 

I R = l ohm, L=10,000 cms. and C=0.01 mfd., then 
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PURE AND SHARP WAVES.— A sharp wave, according to the 
U. S. definition, hsis a decrement of 0.2 or less. A pure wave emission 
may consist of two waves, provided the amplitude of the lesser does 
not exceed 0.1 of the amplitude of the stronger wave. The leaser wave 
in such circuits is usually of negligible importance. Hence we may 
say that a pure and sharp wave is one of single frequency whose decre- 
ment is 0.2 or less. 

Fig. 47d shows a graph of pure wave according to the U. S. definition 
Fig, 47e indicates a sharp wave whose decrement ie 0.12 Fig. 47/ 
shows a very broad wave which the U. S. laws will not permit. The 
lesser wave is 175 meters, the stronger wave 245 meters. The closed 
and open circuits were individually tuned to 200 meters. This is sub- 
stantially the form of wave motion that will be obtained with the average 
amateur set, if the coupling be too close and the quenching poor. 

As we have said, single wave emission in the ordinary amateur set is 
obtained by reducing the coupling at the oscillation transformer until a 
wave meter shows but one wave. The decrement of the wave can be 
measured with any wavemeter including in its circuit a "current square" 
meter. The process will be described in chapter XI, page 301. 
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CHAPTER IV 

CONSTRUCTIONAL DETAILS OF AMATEUR WIRE- 
LESS TRANSMITTERS— PANEL AND ISOLATED 
TYPES— BUZZER TRANSMITTERS 

CONSTRUCTION OF A HIGH VOLTAGE TRANSFORMER.— 

Assume that the steel strips for the transformer cores and yokes are cut 
to shape in accordance with the designs given in the preceding chapter. 
If, in the cutting process, the iron is burred or bent, the Btrips may be 
placed between two smooth slabs of wood and straightened out with a 
hammer. All burrs should be removed with emery paper or with a file 
and afterwards both sides of each strip should be coated with sheUae 
varnish and set up on edge to dry. 
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The core shouM be assembled as shown in Fig. 48, where the short 
strips, i.e., the strips for the yokes of the core, are denoted by A and B, 
and the long strips by C and D. To be sure that the pile will be even 
after it is stacked up drive nails in the base board as a guide, as shown 
in the sketches of this figure. The end 3 of strip A is placed against the 
side 4 of strip C; the end 5 of strip C against the side 6 of strip D; the 
end 7 of st rip B against the side 8 of the strip D, and the end 1 of strip D 
against the side 2 of strip A. 
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Ab shown in the right-hand of drawing the next layer over-laps the 
bottom layer so that the ends of the core when completed will look like 
that in Fig. 49. Holes may be bored in the corners of the core through 
which bolts are passed to compress the sheets into a compact bundle. 
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Fia. 60. Core with one yoke removed to permit the primary and secondary coila to ba plaoed in pontioa. 

If the builder decides to mount the primary and secondary coils on 
the long legs he may remove one yoke of the completed core as in Fig. 50 
and place in position the pieces of steel for that yoke after the primary 
and secondary coils are in place. The author has found it more con- 
venient to first stack up the core completely, winding it loosely with tape 
so that afterwards the yoke B tan be removed for placing the primary 
and secondary windings. After these coils are placed the yoke B may 
be slid back into place without tearing it down. If this proves too 
difficult place the pieces of steel for the last yoke in position one at a time. 
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The appearance of the core and coil after the primary is in position 
is shown in Fig, 51, which ehowa a few layers of empire cloth, each 
layer about 7 mils in thickness, wound over the core. TTie primary turns 
are then wound over the empire cloth as indicated. 

In the transformer designs already presented the primary and second- 
ary coils are approximately square, but some experimenters prefer to 
place round insulating tubes over the cores. The tub^ may be of 
bakelile, dilecto, or micanite. If circular tubes are used the dimensions 
of the windings will be greater than those given in the table Fig, 38 and 
the transformer window may have to be enlarged to prevent the primary 
and secondary coming in contact. 

Sufficient insulation is however provided by winding several layers of 
empire cloth over the primary and secondary cores, "nie coils wUl then 
be approximately square. As an alternative, wind several layers of 
sheet mica around the primary and secondary cores and hold tbem in 
place by tape. Take care that the mica does not break at the comers 
permitting the high voltage currents generated in the secondary to dis- 
charge through the iron core Usually, insulation }^' in thickness 
between the core and primary, and }-^' between the secondary and the 
core IS sufficient, although for the 1 kw transformer (m Fig 40), the 
insulation between the secondary coils and the core should be !^' m 
thickness 




After the primary and secondary coils are placed on the core place 
the remaining yoke in position, then immerse the transformer in transit 
oil or in a beeswax compound. A formula for this will be given i 
following F 
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A general idea of the assembly of an open core transformer may be 
obtained from Fig. 51a. The core is a bundle of fine iron wire covered 
with six or seven layers of empire cloth. The primary turns are then 
wound on, given a coating of shellac and allowed to dry. The primary 
is then slipped in the insulating tube. The secondary pies are slid over 
the tube and connected in series. 

In the commercial types of open core transformers the secondaiy 
pies, after being connected in series, are placed in a box and covered with 
insulating wax; but if the pies are carefully insulated from one another 
this will not be necessary. 



Mohr 




A MACHINE FOR WIHDIKG SECONDARY PIES.— A simple 
winder for the secondary pies may be constructed in accordance with the 
drawing in Fig. 52. Two wooden discs 7" or 8" in diameter are mounted 
on the shaft of a small driving motor. The discs are about J^i' in thick- 
ness. The space between them Is gauged by the two nuts shown in the 
drawing. Four pegs are placed in the disc to form a square of dimensions 
slightly greater than the dimensions of the secondary core with its in- 
sulation. Two or three layers of empire cloth or paraffined paper are 
wound over these pegs, the ends of which are glued together. The wire 
is then given one or two turns around the winding form and the motor 
kept in rotation until the desired number of turns are obtained. 

The use of double cotton covered wire is assumed in the transformer 
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desigDs given in Fig. 38, The wire should be run through melted 
paraffine during the winding process. 
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Fio. 53. Device for impretniit.irig the secanduy wire of b truiatormer with panffine. 

A convenient device for impregnating the secondary wire with 
paraffine is shown in Fig. 53, where a baking powder can is cut away 
and an empty spool rigidly attached to a brass shaft A placed at the 
bottom of the tank. The shaft is fastened in place so the spool cannot 
turn. A quantity of melted paraffine ia kept hot by a small alcohol lamp 
immediately underneath. The spool from which the secondary wire is 
drawn is mounted on a spindle immediately below, the wire being passed 
around the spool in the paraffine tank and then on to the pie winder of 
Fig. 52. 

Do not allow the spool in the tank to turn or it will throw the paraffine 
badly. 




A WIRE MEASURING DEVICE FOR USE IN COIL WINDING.— 
Melvin Wallace of Oregon designed the wire measuring instrument shown 
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in Figs. 54, 55 and 56, This instrument will be useful to the amateur 
experimenter who wishes to measure the actual number of feet of wire 
placed on a transformer pie, or on tuning coils to be wound for receiving 
apparatus. The construction is as follows: First cut from a l"xQ" 
piece of hard wood stock, the piece A in Fig. 54, which is 8" in length. 
At one end attach the piece B which is to carry the friction wheels I 
and J. Next cut a measuring wheel as at C. It should be 4^" in 
diameter cut from the same stock, A flat groove should now be cut in 
the rim until it has the exact length of 12'. Then place the wheel on 
the shaft D which projects through the end piece B, through the bearing 
piece E and is attached to the revolution recorder F which, in turn, is 
securely clamped to the block G. 




Thread a piece of iron rod H, size optional, at one end, and place it 
in the boarfl A at H to carry the spool of wire. 

The friction wheels /, J and K in Figs 54 and 55 must now be con- 
structed and attached as in the drawings. Now construct the wheel S 
(Fig. 55) counter to the wheel /, and fit the former to the flat groove of 
the latter. Mount the tension wheel S on a spring which is preferably 
adjustable so that in case of a break or stop the wire will not slip. 

Place the pointer M indicated in Fig. 54 on the shaft D close to the 
piece B. Next cut a piece of white paper the size of the wheel C and 
calibrate it into 12 equal parts; then glue it to the inside of the piece B 
to form a scale. The pointer will then indicate the number of inches 
and the revolution counter the number of feet which have passed the 
spot on the top of the wheel C. When large sizes of wire are being meas- 
ured the effective diameter of the wheel S is increased so that the in- 
dicated length will be somewhat smaller than the actual length. 

To operate the recorder, run the wire from the spool L, as in Figs. 
54 and 55, under friction guide K, and over J, continue it over and 
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around the measuring wheel C, and on through the tension holders / 
and S. From this point lead the wire directly to the tube being wound. 
Take care that all bearings and friction surfaces fit snugly yet freely, 
that the resistance and friction may be reduced to a minimum. Too 
much tension might break or strain the insulation of very small wire. 
Fig. 56 gives drilling dimensions of the supporting upright. 
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Fio. se. Elevation of 




Fio. 57. Winding 



COIL WINDER. — We will now describe a winding machine devised 
by Lattimer Reader of New York City, suitable for winding tuning coils 
or secondary "pies " A perspective view of the machine is shown in 
Fig. 57 and a side view in Fig, 58 The sketches for the most part ex- 
plain themselves. The winder is designed to be operated from the 
driving wheel and pedal of a sewing machine. The designer declares 
I'.iat with the aid of the guide mounted on the block immediately in 
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front of the machine, he was able to wind one eection of a 3" spark coil 
with No. 38 wire in two hours. These are the dimensions for the various 
parts: The wheel A (Fig. 57) may be IH' or 2" in diameter. The 
bearing B may be a piece of brass 5" long, 21^" wide and %" thick. 
The shaft C should be 10" in length and J-^" to ^'' in diameter. 

The block D carrying the 
rider may be made of two 
pieces 23-$* wide by 13-$' 
thick and 7* long. They 
should be cut as shown and 
fastened to permit the shift- 
ing of the piece holding the 
guide The arm of the guide 
E should be 6' long, %' 
wide, about He' thick and 
made out of sheet iron. A 
thin piece of brass or tin 
turned over to receive a nail 
will form a supporl for the 
small guide pulley. 

The base F may be 15' 
long, 18" wide and K" in 
thickness; the sidesG, 8 'x4 *. 
The form H is a, piece of 
broom handle to- fit over the 
shaft. The blocks / should 
he%' square. 

The side view, Fig. 58, 
shows the coil winder belted 
to a sewiug machine. j..^ jg side view of ™ii wiDdin. midmie. 




CONNECTING THE TRANSFORMER PIES.— When the secondary 
pancakes are p'aced on the transformer core, take great care to connect 
them so that the current circulates throughout the whole secondary in 
the same direction. The correct method of connecting these pies is 
shown in Fig. 58a. It will be seen from these that each pair of adjacent 
pies must be placed on the core so that the inside terminal of one pie is 
connected to the inside terminal of the adjacent pie. The outside term- 
inal of one of these pies must be connected to the outside terminal of the 
next pie and so on through the series 
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In other words, if all pies are wound in the same direction they must 
be stacked up so that the outside terminals of two adjacent pies come 
out of the coils in opposite directions: likewise the inside terminals of 
the next two adjacent pies. 

INSULATING COMPOUND FOR TRANSFORMERS.— A wax 

preparation for imbedding the completed transformer, for insulation 
purposes, may be made of 4 lbs. of rosin, 1 lb. of beeswax, and Ij^ lbs. 
of parafhne. These ingredients should be put in a galvanized iron dish 
and then heated and thoroughly mixed. If the wax is too brittle use 
less rosin and if too soft, use less parafline. The experimenter may omit 
the beeswax if it proves too expensive. 

If the transformers are to be immersed in oil, a galvanized iron box 
is generally used . If transil oil ia not available use double boiled linseed 
oil. 




TRANSFORMER WITH MAGNETIC LEAKAGE GAP.— As the 
amateur experimenter cannot always purchase the best grades of silicon 
transformer steel he is apt to employ whatever material he may have on 
hand. An example of a transformer which an amateur has constructed 
at low cost is shown in Figs. 59 and 60. 

This transfo mer was designed by Mark Biser of Maryland. The 
constructional details and over-all dimensions shown in Fig. 59 are for 
the most part self-explanatory. The cross section of the core is 2' 
square, made of sheet steel strips 7" in length, 2" in width and with an 
average thickness of 5^*. The primary and secondary coils are wound 
on opposite bgs of the core and held in place by cardboard forms 3' in 
diameter which are slipped over and secured to the core. Fibre discs 
are inserted between the sections of the secondary and at other points as 
indicated in the drawing. The primary consists of 350 turns of No. 14 
d.c.c. magnet wire and the secondary of 50,000 turns of No. 32 etuunel 
magnet wire. 
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The secondary is divided into three sections. A layer of thin oiled 
paper is placed between each layer of the secondary. 
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FiQ. 60, DeUula of the leakage gap. 

To give this transformer satisfactory operating characteristics and 
also to permit variation of the power input over a considerable range, 
Mr. Biser fitted it with a magnetic leakage gap which ia controlled from 
the outside of the case by means of a suitable handle. A general idea of 
the construction of the leakage gap can be obtained from Fig. 60. An 
end elevation is shown in Fig. 61 . By turning the knurled knob on the 
adjusting shaft, the length of the leakage gap, which is shunted around 
the primary core, can be varied very considerably, permitting the 
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secondary voltage to be changed between 10,000 and 20,000 volts. As 
mentioned in the preceding chapter, this gap is of particular advantage 
for increasing the power factor in transformer circuits. 



ASSEMBLY OF 



Oscillation Transformer. 




OSCILLATION TRANSFORMERS.— The "helical" or pancake 
types are generally preferred. The amateur often errs in building an 
oscillation transformer of too many turns. Not infrequently atatiOos 
are fitted with an oscillation transformer of sufficient inductance for 
waves up to 1000 meters in length, although the set is to be operated at 
200 meters. 

It is not even necessary to adopt the expensive designs following, 
when a few turns of heavily insulated wire will do for the primary and 
the secondary. The conductor should be of low resistance, at least 
5^" in diameter for the 1 kw. set, and J^" in diameter for the J^ kw. set. 

The reason that copper tubing is as suitable as a solid conductor is 
that the "skin effects" of high frequency currents are very marked and 
since high frequency currents penetrate only a small depth into con- 
ductors only the surface is of importance. 
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If the pancake type of oscillation transformer is adopted , use copper 
strip i4'i %' or J-^ wide and about Vfe of an inch in thickness. It is 
better to use a bare conductor so that for tuning purooses contact may 
be made with a fraction of a turn. Some experimenters prefer the 
helical type of transformer with the turns wound edgewise. 
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A transformer of the latter type has been designed by Ralph Hoaglund 
of Massachusetts. The assembled instrument is shown in Fig. 62, a 
plan of the top and base in Fig. 63, and the dimensions of the uprights 
in Fig. 64. 

The primary has 10 turns and the secondary 18 turns. The inside 
diameter of the coil is TJ^'i the strip being J^* wide and J-ls' thick. 
The dimensions of the uprights are 8^" x %" x H". The base and top 
are each 9!4"in diameter and ^"1° thickness. Exact measurements for 
the positions of the slots in the strips are shown in Fig. 64. The slots 




Fia. 6G. DencD (or tbe "paucHke" type of oscilli 

for upright A begin 34* from the bottom; for upright B, ^ie' from the 
bottom; for upright C, 5^" from the bottom; and for the upright D, T-^' 
from the bottom. The slots should be cut on a slight slant. 

For 200 meters a part of the smaller coil may be employed as the 
primary and the larger coil as the secondary. The coupling is, mechani- 
cally speaking, fixed, but may be varied electrically by placing two tape 
oa the secondary, through which the used secondary turns may be 
brought nearer to or placed further away from the primary, according 
to requirements. 

A suggested design for the pancake type of oscillation transformer is 
shown in Fig. 65. The primary inductance is varied by a sliding contact 
mounted on an arm attached to the control handle. The contact slides 
on the coil and as it is rotated, any fraction of a turn can be cut in the 
circuit. The primary coil is mounted on a wooden slider which is shown 
in cross-section. This permits the coupling between the primary and 
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secondary to be varied. The conductor of pancake coils is usually 
mounted in slots cut into strips of hard rubber or bakelite which are 
supported on wooden uprights. 

Byusingcopper strip ?^" wide and ife" thick, the following dimensions 
will be found satisfactory. The primary has 8 turns spaced 34"' The 




FiQ. 68. Helical (McillaCioD transformer providing variable couplim 
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inside diameter is 4%' and the outside diameter 10'. The secondary 
has 20 turns spaced ^'i the outside diameter being about 14' and the 
inside diameter about 4J^", 

A helical oscillation tTansformer designed for variable coupling is 
shown in Fig. 66. The primary is wound with No. 6 spring brass wire 
and the secondary with No. 8. The primary turns are threaded through 
holes cut in the wooden uprights; the secondary is mounted in the same 
way. The primary coil is 10* in diameter and the secondary 8' in 
diameter. Four turns are sufficient for the primary and 12 to 15 turns 
for the secondary, although a greater number are diown. The spacing 
between the primary turns should be %", and about M.' or 5^" between 
the secondary turns. Wooden uprights will do in dry climates, but it 
the apparatus is to be operated in a wet zone use hard rubber or some 
similar material. 

A small binding post with a set screw mounted on the top of the 
secondary locks the secondary in position for any desired coupling. 

The dimensions shown can be varied somewhat to suit the bmlder. 
It is in fact preferable, that the necessary number of turns be prede- 
termined by the inductance formula given in Chapter III. 

mOH VOLTAGE CONDENSERS.— We usually distinguish high 
voltage condensers from low voltage types by the material of the di- 
electric. Glass and mica are generally employed for high voltages. 
Paraffined paper, thin sheets of hard rubber, mica or air at ordinary pres- 
sures are ordinarily used as the insulating medium for low voltages. 

The most satisfactory condensers for the amateur's transmitter are 
the copper plated Leyden jar and the mica condenser. The oil-immersed 
glass plate condenser, however, is widely used principally because the 
8 less difficulty in obtaining the materials for construction. 




Fia. 67. Commercial type olhiih voltage condenser using copper plated Leyden ]sn mounted in m meUl 
Fid. G7a. Showlng.in a eeneral way the congtruction nod Resembly of tbe mica ioniUted « 
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A commercial type of high v(^age condenser is shown in Fig. 67. Six 
copper [dated glass jars of 0.002 mfd each are mounted in a metal rack 
and connected in parallel. The outside coatings of the jars are con- 
nected through the metal cups at the bottom and the frame. The inside 
coatings are connected to a common terminal through braided conductors, 
which are soldered to the inside coatings. 

Mica condensers are generally employed in government radio seta. 
They have the advantages of compactness, fairly small losses, and little 
danger of breakdown. The reason for the last is that the breakdown 
voltage of very thin sheets of mica is high (60,000 volts per centimeter of 
thickness), consequently even if used with high voltages very thin sheets 
may be placed between the conducting surfaces of the condenser giving 
a relatively high value of capacity. Several units may then be con- 
nected in series so that the voltage across each unit is comparatively 
'ow. A fundamental idea of the assembly of the mica condenser may be 
obtained from Fig. 67a. 

It is a common practice to connect 10 or more units in series, the units 
being stacked up in a metal container and thoroughly impregnated with 
a good insulating compound by a vacuum process. With 10 units in 
series on a 15,000 volt transformer the voltage per unit is only 1500 volts. 
The liability to rupture is thus far removed. On the o^her hand, if ten 
banks of Leyden jars were connected in series, the result would be a 
very expensive and bulky condenser. Both mica condensers and Leyden 
jars may be purchased ready for use. 

Commercial types of Leyden jars will not stand potentials in excess 
of 15,000 volts. If the transformer voltage exceeds this value a series- 
parallel connection must be used. This connection requires four times 
the number of jars used in a simple parallel connection. 

It is clear from formula (35) page 46, that the resultant capacity of 
two equal condenser banks in series is one-half that of one bank. As- 
sume, then, that standard jars of 0,002 mfd. each are available. Four 
jars in parallel will have a capacitance of 4X0 002 =0.008 mfd. — the cor- 
rect value for the amateur's transmitter operated from a 60-cycle source. 
Sixteen of these jars will be required if the voltage of the transformer is 
20,000 and two banks are to be connected in series. Eight jars in parallel 
will constitute a bank, and the capacity of each bank will be 8X0.002 
= 0.016 mfd. With two such banks in series, the resultant capacity will 

be ~ — =0.008 mfd. The voltage across each bank will be — ^ — 

= 10,000 volts. 

The majority of amateur experimenters use the foil-coated plate glass 
condenser. The capacitance of such a condenser may be calculated with 
a f&ir degree of accuracy by formula (34). Gla.ss free from lead and 
"bubbles" should be selected and photographic plates, which may be 
obtained from a local photographer, are often used. Flinl glass has a 
small heat loss and is preferred, 

A plate of glass 8" x 8" and about J^" in thickness, covered on both 
sides with tin foil, has a capacitance of about 0.0005 mfd. Sixteen such 
plates in parallel will give 16x0.0005 = 0,008 mfd, 

A plate of common glass 14" x 14" x ?^" covered with foil 12* x 12" 
will have a capacitance of about 0.0016 mfd, A plate with a conducting 
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surface of twice the area will, of course, have 2X0.0016 =0.0032 mfd. 



The difficulty of calculating the capacity of a glass plate condenser 
lies in the varying value of the dielectric amstani (K). If it is definitely 
known formula (34) is very accurate. 



iOOOO VOLTS 




Fra. 68. Giving a genenJ idea of the Boembl; o{ tha Bta» pUM type of hieb 



ASSEMBLY OF A GLASS PLATE CONDENSER.— The assembly 
of an oil-inunersed condenser is shown in Fig. 68. The foil is cut with a 
lug projectiog from one corner. The lugs issue alternately firom tiie 
right and left hand corners of adjacent plates. 

The foil should not come too close to the edge lest sparking over the 
edges occur. Allow a space of at least one and one-half inches. 

To attach the tin foil to the plates: First, cover the surface of the 
glass with a good grade of thin fish glue. Place in position the sheets cS 
tin foil, which have been properly cut and rolled to smoothness by * 
'' roller Next place the plates in a rack and allow them to 
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dry slowly, after whicb they should be covered with one coat of orange 
shellac. Then pile them together, first a left plats, then a right plate and 
so on throughout the series until the unit is complete. Bind the entire 
unit with insulating tape or a canvas strip and immerse it in a tank of 
insulating oil. Swan & Finch's Special Atlas AAA is recommended as a 
good grade of oil. 

Another method for placing the tin foil on the glass ia: When the 
sheets of tin foil have been properly cut place the glass plates in an oven 
and heat them for five minutes. Then remove and rub them with a 
good grade of beeswax. While the plates are still warm, rub the sheets 
of tin foil into place by a "squeegee" and paint the edges with hot bees- 
wax. Beeswax has in many instances been found superior to shellac 
because it does not blister. 

While in the sketch of Fig. 68 three banks are connected in series two 
banks are really sufScient, unless the dielectric strength of the glass em- 
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ployed happens to be very low , The safety gaps shown in the drawing are 
not strictly essential . A protective gap connected across the transformer 
secondary (to be described later) affords all the protection necessary. 

It is desirable to have a high voltage condenser of variable capacity in 
the amateur station. Such a condenser permits the operator to experi- 
ment with different capacities for varying conditions of aervice, Some- 
times greater efficiency will be obtained with a capacity quite different 
from that originally intended, due to the difference in the designs of high 
voltage transformers and the possibility of the set being operated at 
frequencies above 60 cycles. At the frequency of 500 cycles, for ex- 
ample, a condenser of 0,004 mfd. is sufficient for a J-^ kw. set; for a 
J^ kw. set, 0.002 mfd. will do. 

E. C. Eriksen of California designed the variable high voltage con- 
denser shown in Fig. 69. The condenser is constructed from 8'x 10' 
photographic plates which are generally free from flaws. 

The film may be removed from the plates by immersing them in two 
solutions. The first solution ia made up in the proportion of )^ ounce 
of sodium floride to 16 ounces of water. The second solution consists 
of 34 ounce of sulphuric acid and 16 ounces of water. After the plates 
have been placed in the first solution for a couple of minutes and then in 
the second solution the film should come off easily. 

Now coming to the construction of Eriksen's condenser it should be 
noted that all of the lugs leading from the foil at one end are joined to- 
gether, while those at the opposite end are staggered so that they can be 
connected together in groups. This construction allows the condenser 
to be mounted in a wooden box with knife blade switches placed on the 
side to cut in and out the various sections. 

The foil is cut 6'x8' with a lug 1' wide, 3' long. The lugs are 
alternated so that on adjacent plates they come out at opposite ends of 
the pile. The first lug should be placed as at A; the next two as at B; 
the next three as at C; the next four as at D; the next ten as at £ and tile 
remaining twenty as at F. 

The plates are then covered with vaseline, the tin foil placed in posi- 
tion ancf rolled with a "squeegee," and afterwards the foil is coat^ on 
the outside with vaseline. Next, the plates are piled up in the order 
described before so that 20 lugs appear at the center at one end, while at 
the other end there will be five bunches of 1, 2, 3, 4, and 10 lugs each. 
These lugs must come out from consecutive plates and be placed in the 
same position on each plate. The pile may then be wound tight with 
tape. 

The plates may then be placed in a wooden box with outside dimen- 
sions 10" x 14' X 5'. The corners of the box are mitered, the bottom 
is glued on, and the top is fastened with nickel-plated, round-head screws. 
The box should be shellaced or boiled in melted paraffine. When the 
plates are in place it should be filled with a good grade of transformer oil. 
The oil and vaseline both serve to reduce the brush discharge. 

The knife blade switches should be mounted on a hard rubber slab 
placed on one end of the box. Wood will not withstand high voltages 
for any considerable period ^ 

By this arrangement any number of plates from one to twenty may 
be connected in the circuit. For instance, if 17 plates are desired the 
switches connected to the 10-lug, 4-lugi and 3-lug bunches should be closed. 
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Forty plates will do for a }^ kw, set. The required number for any 
wave length with a fixed primary inductance can easily be found by a 
wavemeter. If the transformer voltage exceeds 20,000, a series parallel 
connection must be used. 

Some wireless experimenters prefer to mount their condenser plates 
in a wooden rack. This construction certainly has the advantsige of 
neatness and is simpler in that a punctured plate may be removed with- 
out taking down the whole condenser. 

The condenser rack shown in Fig. 70 was designed by a contributor 
to The Wireless Age, It may be built to take any desired number of 
plates. It consists mainly of the slotted pieces A cut to take the plates 
which are separated, say 3^ inch. Two copper busbars C are mounted 
on the front of the rack from which connection is made to the plates. 
No lugs are brought from the plates, but connections between adjacent 
platee and to the busbars are made by the brass contact clips B con- 
structed in conformity with the detail Fig. 70. The remainder of the 
construction is self-explanatory. 

If voltages below 15,000 are used the condenser may be operated in 
the open air, but for higher voltages the rack, plates and all may be 
immersed in oil. If the condenser is operated in the open air, brushing 
at the edges of the plates can be reduced by coating them with beeswax. 




BEB 



J/o/s to Mif plafes 



Brass contact dm '5' 




Fio TO. CoudcnBFt tsck foi Ibe glau plale type ol higli vollage condenser. 

SPARK DISCHARGERS. — The theory of spark dischargers has been 
given in the preceding chapter. It should be evident that the design of 
the spark gap has a marked effect upon the efficiency of a wireless trans- 
mitter. It is not sufficient to merely supply a discharge path for the 
energy in the condenser. Means must be provided for rapidly quench- 
ing out the oscillations in the closed circuit before the antenna oscilla- 
tions have the opportunity to retransfer their enei^ to the closed cir- 
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(!uit; othrrwiBO oscillations of two frequeociea will flow in the antenna 
circuit and tho set will radiate two waves. 

SidkIo wavo omission, with tight coupling at the oscillation trans- 
foniicr, can only hv obtained with a gap and associated power circuits 
(Icsignctl HO that bi'tw(H>n individual sparks the insulating qualities of 
the gap arc rapidly reatore<l. If the gap action is prolonged, single wave 
emiasion can only be secured with very loose coupling. A reduction of 
coupling cuts down the antenna current resulting in a decreased trans- 
mitting ntng<>. 

There are four types of spark dischargers in commercial use, viz; 

(1) ThapUlngap. 

(2) The nOD-Eynchronous rotoiy gap. 

(3) The synchronous rotary gup. 

(A) The multiphite or series g«p (commonly called the "quendted" gap). 

The plain gap is generally usetl with spark coil transmitters. The 
non-synchronous gap is employed to give a musical tone when the power 
source is (JO ('yell's or less. The synchronous gap is rarely used by ex- 
ix'rimenters, vmless the fn>quency of the power supply exceeds 120 cycles. 
The nuiltiplate gap is seldom encountered in the amateur station although 
it will iucrease the transmitting range if the complete transmitter is 
properly design^nl. 

If the freiiuency of the power supply exceeds 120 cycles the «vn- 
t'hnmous gap nas some advantages — the principal one being the uni- 
formity of the spark note. But tho amateur, in nine cases out of ten, 
will use the nonsyHehnmous rotary l>et.*ause his power supply is usually 
(U> cycles, .\ siynchronous yci/i at this frequency should give 120 sparks 
per second, and the pitch of the note would be much lower than that 
tibtainetl with the non-synchronous gap. The latter can be designed to 
give from 2(X1 to 4lXt sparks yn-r second. The note has musical charac- 
teristii-s ccmiixisiHl of overtones, tmdertones. and the fundamental, and 
it is far from displeasing to the average operator's ear. In fact many 
oix'rators pr\>fer it. 

The exjxTimenter cannot use a synchronous gap where the power 
supply is furnisheii by a Un-al com(»any. for tmiform sparking can only 
Ih' obtainet.1 by mountiitg the gap on the shaft of the alternator of the 
jHiwiT supply. 

The s^ lu-hrvmous gap has Ihvu mountefl on the shaft of an a.c. syn- 
chr\>noiis motor conmvtwl to the iK>wer supply, but it is difficult to main- 
tain ai» atvurate synchri>nous aiijustnicnt over an extended period as the 
motor is apt to gel slightly out of step with the frequency <^ the aource. 

PLAIN SPARK GAP.— The fundamental idea UDderiying the con- 
struction of this gtip is shown in Fig. 71, Two line electrodw S-1 and 
^"^-J, an' wumnirtf on brass nnls suptn^rte*! rigidly by two binding poets, 
s*» that the s(istrking surfart's ar\> strictly |iajrallcl. The cocking flangee 
ar\> cast on the rxni or plai-^xl on aftcnvani. 

The bas*' should U« of hanl rublvr, K-ikehtc, or glass. The biDdinjt 
[■■.'■iit!? should Iv mouutrti s*.> that thev do not ix>mc in contact with wood 
or with any other matcri.tl li.tl'tc to leak high \-viltage currents. 
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For spark coils the zinc electrodes should be approximately K" in 
diameter. For more powerful transmitters up to 1 kw., the electrodes 
need not exceed %" to ^s"- Blunt electrodes give a rough spark note. 
Sharp electrodes give notes of higher pitch but they do not cool so rap- 
idly, tending to prolong the spark discharge with consequent lack of 
quenching. Blunt electrodes on stationary gaps aid quenching and would 
be preferable did they not tend to destroy the pitch of the note. 



COCLIHG FL&NGCi 



IvHt ELECTROOti 




Via. 71. Showing 

The crash of the spark of a 1 kw. transmitter is exceedingly loud. 
The gap should be placed in a muffiing box, the leads to the gap brought 
into the box through bushings possessing the best insulating qualities. 
A few holes must be left in the box for ventilation; two at the bottom 
and two at the top are generally satisfactory. Placed this way they 
tend to create a draft and assist the ventilation. The mufSing box may 
be made of wood or metal. A wooden box should be lined with asbestos 
J^' in thickness. 

Brass or copper spark electrodes are nearly as satisfactory as zinc but 
zinc electrodcH give very uniform spark notes and are preferable for 
that reason. The ingenious experimenter can easily design a plain gap 
fitted with an adjusting handle which will permit the length of the gap 
to be regulated while the spark is discharging. 

THE NON-SYNCHRONOUS ROTARY GAP.— The rotor of this 
type is mounted on the shaft of a d.c. or a.c. motor. A 3^ h.p. motor 
has sufficient power to drive the average gap. The speed of the motor is 
unimportant, provided a sufficient number of spark electrodes are sup- 
plied to give the desired spark frequency. 

Three different designs are shown in Figs. 72, 73 and 74. In Fig. 72 
the driving motor M carries the disc D, which may be made of micanite, 
bakelite, dilecto or micarta. Around the circumference of the disc, 
near' the edge, holes are drilled to take the rotating electrodes E which 
are equally spaced. 

The electrodes E need not be more than J-^" or 'ig" in diameter and 
may be made of zinc or copper. Copper is more commonly used. The 
stationaiy electrodes D^ and D^ are the same diameter as the electrodes 
on the disc. They may be fitted with cooling flanges not shown in the 
drawing. 
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The motor armature must have end-thnist washers of the correct 
thickness so that the end play does not exceed i^ ol an inch. Otherwise 
the electrodes on the disc will jam against the stationary points and 
wreck the gap. The electrodes D^ and D^, are then set up as close as 
possible to electrodes E, without making actual contact, for the shorter 
the gap the cUarer will he the spark note. A high pitched note is the goal 
of all amateurs. 







'y EAp £nt developed by the Marconi Company. Tfaia b» 



The electrodes E must all be lined up equally in respect to electrodes 
D^ and jD^. Do this by: setting up the ends of i)' and D^ at equal 
distances from the disc by means of a micrometer gauge. The total 
distance between them must be just slightly greater than the length of 
the lugs E. The latter can then be centered in the disc and fastened 
tightly by nuts on both sides of the disc. The lugs E are, of course, 
threaded throughout theii length. 

For general amateur working a gap giving 240 sparks per second is 
satisfactory. Assume that the motor M rotates 1800 r.p.m., or 30 
revolutions per second. Then, if the disc has 8 spark electrodes, there 
will be produced in one second 8X30 = 240 sparks. 

A disc 63-^" in diameter will do for a gap with 8 electrodes. The 
holes for the electrodes on the disc should be drilled around a circle 
drawn 3" from the center with a scriber. The electrodes will then be 
about 1.6" apart. If the motor runs only 900 r.p.m. the disc should 
have 16 electrodes and should be say 10' in diameter. 

The non-synchronous gap shown in Fig. 73 has been used in commer- 
cial and amateur stations and is one of the earlier designs developed by 
the Marconi Company — the pioneer in the use of rotary gape. TTie 
construction will be understood from the drawing. Two nearly semi- 
circular pieces of brass mounted on the frame of the driving motor are 
insulated from each other and from the motor frame by hard rubber 
posts extending outward from a metal spider (shown partially in the 
drawing) . 

The rotating member is an aluminum arm mounted on the armature 
shaft which carries two sparking electrodes. The stationary electrodes 
are slotted and held firmly, but not tightly, by machine screws, so that 



jtfGoOqlc 



Transmitter Constructioti 113 

if the rotating electrodes should accidentally come in contact with the 
atatiocary electrodes the latter will turn on the machine Bcrewa and 
protect the gap from being wrecked. One advantage of the gap con- 
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Pia. 74, "Veniier" type of non-syncbronous rotsry ssp. 
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struction of Fig. 73 is that while the rotating electrodes are self-cooled 
by rotation of the arm, the stationary electrodes are given the oppor- 
tunity to cool between sparks; for, as is self-evident, the spark discbat^e 
travels around the circle from one pair of opposite stationary electrodes 
to the next opposite pair and so on. The rotating arm need not be more 
than 7' in length and it should be insulated from the driving shaft by a 
hard rubber bushing. The bushing is placed over the shaft and the 
arm mounted on the end. 
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The "vernier" gap of Fig, 74 has been used by Experimenters. 
Note that there are four stationary electrodes and five rotating ones. 
The disc which carries the rotating electrodes is insulated from the 
motor, but is connected to one terminal of the closed oscillation circuit 
by a brush. The other terminal of the oscillation circuit goes to the 
stationary electrodes which are connected together. 

It is clear that in one revolution of the disc there will be 4X5=20 
sparks; hence, if the disc revolves 30 r.p.s., i.e., 1800 r. p.m., there will be 
30X 20= 600 sparks per second. High spark frequencies may thus be 
secured with low disc speeds. The note of this gap is somewhat 
superior to that obtained with the two types described before. 
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Via. il. Rotary gap for ]ow powcra as desiEned by an amataur eiperimentei. 

Various amateurs have shown many designs for the non-synchronous 
gap. The constructional details may well be left to the builder as he 
will use the material he can most readily obtain. Those shown in the 
following drawings may suggest other designs which the amateur can 
work out for himself. In order to obtain the best quenching the elec- 
trodes should be wide and thin. 

A gap which is a variation of Fig. 73, designed by Ralph Hoaglund 
is shown in Figs. 75 and 76. The stationary electrodes, ten in number, 
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are mounted on a wooden upright, parallel to the rotating arm. A 
fibre bushing for insulating the arm from the shaft is shown at 4. The 
pointed set screw 5 acts as an end-thrust to eliminate end-play in the 
armature shaft and also acts as a contact for connection with the rotating 
arm. There are ten stationary electrodes spaced evenly on a circle 6 
in diameter. Fig. 76 is an elevation of the support for the stationary 
electrodes. 

E. Chester Stephen of New Jersey has presented the design shown 
in Fig. 77 which is self-explanatory. 

O. Cote of Rhode Island built an aluminum rotary gap like that in 
Figs. 78 and 79. The rotor is cast or cut from aluminum. The driving 
motor is one of the small Ajax type operated off a step down auto-trans- 
former energized from 110 volts a. c. source. The disc is 3J^" in diameter 
and has twelve discharge points. Each spark electrode on the disc is 
M'-x-Hf,"- The disc is Jif thick. 




A sound muffled rotary gap designed by W. E. Wood of Missouri is 
shown in Fig. 80. The rotor is enclosed in a fibre tube large enough to 
permit it to rotate freely. The end of the tube is covered with a circular 
piece of glass as is shown in the illustration, 

E. G. Mohn and Walter Mayncs of California have constructed a 
gap rotated by a novel a.c. motor following the design suf^ested by 
Prof. A. S. Gordon of the Polytechnic High School, San Francisco. 
The motor shown in Fig. 81 consists of an electromagnet wound with 
J4 lb. of No. 24 d.c.c. wire, and a steel bar magnet mounted on a shaft 
immediately in front of the pole pieces. The shaft carrying the bar 
magnet also carries the rotary disc. The only disadvantage of the 
design is that in order to start the bar magnet into rotation it must be 
turned by hand. 
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If the amateiir generates a.c. within his station the non-synchronous 

gap may be mounted on the generator shaft. For example, a 4 pole 
generator driven 1800 r.p ra. would require 4 rotating electrodes for 
synchronous discharges but if the disc is fitted with 8 or 12 electrodes 
much higher spark frequencies can be obtained; that is, several sparks 
per cycle may be produced. 
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SYNCHRONOUS ROTARY GAP.— The experimenter is not apt to 
use a synchronous gap because he wants a higher sparlt frequency from 
that which the 60-cycle synchronous discharger gives. 

The synchronous gap is the same as the non -synchronous type except 
that the rotor is mounted on the generator shaft and must have a spark 
electrode for each field pole of the generator. The stationary electrodes 
are mounted on a rocker arm so that they can be shifted through an arc 
of 25° to 40°, By shifting the rocker arm, the spark can be made to 
occur at the peak of the condenser voltage, giving a discharge for each 
half-cycle of the chaining current. 

With a 500-cycle source the synchronous gap is very desirable, but for 
frequencies below 120 cycles the non-synchronous gap gives the higher 
note. 

CQ - Primaiy Binciing ^lais 

a a,- spark 




THE MULTIPLATE OR "QUENCHED" GAP.— Although recog- 
nized as the most efficient gap this type is rarely used by wireless ex- 
perimenters. This is due chiefly to the fact that the quenched gap gives 
a poor note with a 60-cycle source. The spark tone is not much higher 
in pitch than the plain gap The multiplate gap is expensive to bihld, 
for precise machiniog is essential for good results. 

Although the quenched or multiplate gap quenches the primary 
oscillations more effectively than other types and gives a higher value 
of antenna current, unless certain factors of de&ign are taken into ac- 
count it may prove less efficient than an ordinary gap. 

Before describing the construction of the "quenched'' gap, certain 
basic considerations will be pointed out that must be given serious atteu< 
tion when this gap is employed with ordinary 60-cycle transmitters. 

Fiist, a resonance transformer is desirable as explained on page 83. 

Second, a reactance coil must be placed in the primary circuit oi the 
high voltage transformer. 
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Third, a rather smaller condenser capacity than that ordinarily used 
with other gaps must be employed. 

Fourth, an oscillation transformer of the pancake type, permitting 
a continuous variation of inductance, is essential to obtain rapid adjust- 
ments of resonance between the spark gap and antenna circuits. 

Fifth, a motor-generator is most desirable as the source of current in 
order that the phenomenon of resonance at audio frequencies may be 
utilized to advantage. 

The author conducted numerous experiments with quenched gaps in 
connection with ordinary amateur transmitting apparatus and found 
that a marked increase of eEBeiency was obtained by observii^ the above 
precautions. 

Regarding the construction of the quenched gap: The sparking plates 
are made of copper, carefully ground, and perfectly milled. They are 
provided with heat dissipating surface of sufficient area to take care of 
the required output. The individual plates are separated by insulating 
washers of the correct thickness, so that when the plates are compressed 
the sparking surfaces will be separated by no more than 1/lOOth of an 
inch. It is particularly important that the space between the sparkii^ 
surfaces be air-tight. To this end the intervening discs or washers are 
treated with special insulating compounds, such as varnish, paraffine 
or boiled linseed oil. Under the heat of the gap, the compound will 
soften and if the plates are tightly pressed together an air-tight joint 
results. 

As it is customary to allow 1,200 volts per gap the number of gaps 
to be employed in a given set can be readily calculated from the applied 
voltage. Not only the voltage of the transformer is taken for com- 
putation; but the available potential when the condenser is connected in 
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shunt to the becondary winding must be taken into consideration. This 
value of potential can be determined by the sphere gap method, for which 
atableis given on page313. Briefly, this method involves the use of two 
spheres or balls of a certain diameter, the spacing between which is 
gauged by a micrometer adjustment, with a corresponding scale. The 
discharge balls are connected in shunt to the source of high potential and 
gradually separated until the spark ceases to discharge. The length of 
the gap is noted and reference made to the table for the corresponding 
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value of voltage. Remember that this table gives the moMmum voltage 
per cycle and not the r.in.8. value. 

The details of a gap suitable for i^ and }/^ kw. sets are given in Figs. 
82, 83, 84 and 85. The cross section and the dimensions of the copper 
plate are given in Fig. 82. Fig. 83 shows the general appearance of the 
plate. Note that the copper surfaces on which the fibre disc rests has a 
number of circular grooves. As the compound on the discs softens, it 
flows into the grooves and makes an air-tight joint. 

The plates are first east to shape and then machined. This must be 
done very accurately for the sparking surfaces of adjacent plates must be 
strictly parallel. 




- Quenched 5R^RK(j<ipPun'£- 



The sparking surface of each plate as noted in Fig. 82 is 1?-^' in 
diameter. The groove surrounding it is 5^" wide and about Y^' deep. 
The shoulder which presses against the insulating discs is also ^g' wide. 
The entire plate is 354" in diameter. The washers between plates, are 
Zy%" outside diameter, and 1?^' inside diameter. 

The assembled gap is shown in Fig. 85. The plates are mouDted 
between two metal castings boiled to a cast iron base. A pressure bolt 
for compressing the plates is mounted on the right hand end. It should 
be a H" bolt with a rather fine thread. 

Although the drawing shows two insulating discs at either end of the 
quenched gap plates it is better to place a cast iron plate between the right 
hand disc and the frame as otherwise the pressure on the bolt necessary 
to prevent air leakage may puncture the disc The iron end-plate should 
be centered and countersunk to tak" the pointed end of the compression 
bolt. 

If the insulating discs are made the same diameter as the plates, the 
experimenter can mount two parallel insulating rods between the end 
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castings to form a rack upon which the plates rest. The plates and 
washers will then center themselves automatically when they are dropped 
into the rack. It is readily seen that, if the plates are stacked up un- 
evenly, the inside edge of the insulating discs may not cover the parallel 
rims of two adjacent gaps; but if they are correctly centered, the inside 
edge of the washer will come to the center of the groove. In event of 
the former, sparking will take pla?e at the rim and the insulating disc 
will be punctured, putting that particular gap out of commission. 

The gap should be cooled by directing the blast of a 6-inch fan on the 
plates. 
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ADJUSTMENT OF THE QUENCHED GAP TRANSMITTER.- 

If the amateur had complete control over his power supply it would b 
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possible to give him the design for a complete "quenched" tranBUiitter 
which would give maximum efficiency without experimenting. But 
this is not the case, and moreover, a variety of transformer designs are 
met with in practice which make some experimenting necessary to get 
the best results. 

Assuming that the complete transmitter is wired up as in Fig. 86 
the method for adjustment is as follows. A wattmeter W and an am- 
meter A-2 are connected in the primary power circuit. The wattmeter 
gives a check on the primary power and the ammeter shows whether the 
current carrying capacity of the primary coil P is exceeded. 

If the gap S-\ has 16 plates and the transformer potential is about 
15,000 volts, cut in about 10 gaps for a preliminary trial. Then cut in 
about one-half of the primary reactance X, close the key, and note the 
primary power and current. Change the number of gaps and note the 
effect on the power. If the power reading is too low, reduce the react- 
ance of X and bring it up to normal. These tests indicate that the 
circuits are working properly. 

Now disconnect the spark gap S-\ and vary the capacitance of the 
condeuser C (which is assumed to be a high voltage condenser of variable 
capacity), until ammeter A-2 reads a maximum. If the capacitance of 
C exceeds 0.008 mfd. for resonance, reduce C and increase the reactance 
of X, When resonance is found add a few more plates to C until the 
transformer circuits are 15 to 20% off resonance. 

Then connect about 10 gaps in the circuit, close the key, and if the 
primary power does not exceed normal proceed to tune the set and after- 
ward adjust the spark note. 

Set the antenna circuit. A, L-\, A-\, E, to 200 meters by means of a 
wavemeter. Then vary the inductance of the primary L and watch 
the aerial ammeter A-1 for a maximum reading. If the resonance ia 
sharp, that is if a slight change of L has a marked effect upon the antenna 
current, the gap is quenching. It may be well then to try various 
degrees of coupling and different numbers of gaps to determine if the 
antenna current can be increased. 
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A further cliange in the capacity of C or the reactance of X may help 
matters. By carrying on a few experiments along these hnes, the ex- 
perimenter will hit on a combination of values giving a strong antenna 
current of low decrement and a single wave emission. The author has 
proved this in practice. 

Do not allow the gap to overheat. Avoid a temperature over 200* F. 

If the transformer has a number of taps on the primary coil the 
reactance X is unnecessary. A secondary reactance may be used. It 
ia made up of a number of pancakes like those of the transformer second- 
ary, placed over an iron core. The primary reactance is, however, less 
expensive to construct. Very precise tuning of the spark gap and 
antenna circuits is required for maximum antenna current when using 
the quenched gap. 
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RESONANCE INDICATOR.— To measure the antenna current and 
to determine whether the open and closed circuits are in substantial 
resonance, use a hot wire ammeter or an ammeter with a thermo-couple. 
These instruments indicate the strength of the current flowing through 
them by the heating of a wire through which the current is passed. 

M^netic measuring instruments cannot be used in radio frequency 
circuits because of their self-induction and because their coils will not 
withstand the high volt^es of wireless transmitters. 
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Hot wire ammeters are rather expensive and are not commonly used 
in amateur stations. Any device that will indicate when the antenna 
current is maximum, although it is not calibrated in amperes, will serve 
as a substitute. 

A smaU battery lamp shunted by a turn of wire and connected in series 
with the antenna circuit will indicate by its maximum incandescence 
that the closed and open circuits are in resonance. An indicator of this 
type is shown in Fig. 87, where a two- or four-volt battery lamp is con- 
nected in series with the antenna circuit through the binding posts A 
and B. The lamp L is shunted by a loop of copper wire or flat copper 
strip W, over which the arm C makes contact. The length of the loop 
will vary with the strength of the antenna current; usually its radius does 
not exceed 3". 

A few trial experiments with a given transmitter will reveal the 
correct position for the slider C. It is less difficult to judge a current 
maximum in the lamp if the shunt is adjusted for a cherry red glow as 
the point of resonance is approached. 

ANTENNA AMMETERS.— Two types are in general use. One 
utilizes the expansion of a wire or strip heated by the current to move an 
indicating mechanism; the other type employs a thermo-couple mounted 
on a wire heated by the radio frequency current. 

The thermo-couple, whea heated by the radio frequency current, 
generates a direct e.m.f, which, in turn, actuates a magnetic instrument 
having the characteristics of a millivoltmeter. The meter may be 
calibrated directly in amperes. 

In the design of hot wire meters coarse wires are to be avoided for 
their resistance changes markedly with the frequency of the current. 
On the other hand, if a wire of very small diameter is employed radio 
frequency currents will penetrate it to the center and its resistance will 
remain substantially constant over a large range of frequencies. If 
large currents are to be measured several such small wires must be 
connected in parallel and one of them selected to work the indicating 
mechanism or to heat the thermo-couple. The wires must be parallel, 
must be exactly of equal length, and the external leads must be attached 
at a point where the current will distribute itself equally through all 
wires. When several wires are employed they are usually strung on a 
cylinder. 

An ammeter which any wireless man who is clever with his tools may 
construct at a small cost is shown in Fig. 88. C D is & piece of silk 
fibre about 3' long. GH is another piece about 2' long and is attached 
to the center of C Z) by a bit of beeswax. The lower end ofGHis wound 
about the shaft which carries the spring S and the pointer. The spring 
tends to pull the pointer toward the maximum scale poeition, but it is 
resisted by the fibre thread and the wire W-l, W-2. 

When no current Sows through W-l, W-2, the pointer rests at sero, 
but when the wire is heated by the passage of radio frequency currents 
the tension on C D is reduced, relieving the tension opposii^ the sprii^ S, 
which in turn, pulls the pointer across the scale. 

In the diagram B-l and B-2 are heavy copper lugs. W-l, W-2 is a 
piece of No. 40 Therlo wire (0.003" in diameter) about 4' long. Its 
resistance is about 9.5 ohms. Using only one wire, the instrument will 
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measure at its maximum scale, 0.1 ampere. With several wires in 
parallel the range may be increased to any desired value. The shunt 
wires must be of the same length and the same diameter as the wire 
which works the mechanism. All wires are preferably arraaged around a 
cylinder, being spaced equi-distantly. 

An instrument employing a thermo-couple has been designed by 
M. K, Zinn of Indiana, who says that it was patterned after the data 
given by Chas. Ballantine. Instruments of this type were first em- 
ployed, commercially, by the Marconi Company and they are now 
common in radio sets. Fig. 89 shows the general details of construction. 
Fig. 90 is a sketch of the assembled instrument and Fig, 91 shows the 
method of calibration. 

Six bare No. 40 copper wires are arranged around circular discs 1' 
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in diameter, J^* in thickness. The centers of the discs are drilled for 
8/32 machine screws, through which they are fastened to the posts 
A and B. 




jple BuitabJe for radio frvquei 



The slots for the wires are cut at intervals of 60 " with a fine hack-saw. 
The terminal posts are made of brass stock K" square, drilled and tapped 
as shown in Fig, 90. The posts are mounted on a 34' bakelite base, 
2 "x 6 "being separated 45^". The six copper wires may then be soldered 
in position. 

The thermo-couple consists of a piece of No, 36 iron wire and another 
piece of No. 36 German silver wire, each 3" long. The ends of the two 




Detaib of the tennioal posts . 



wires are carefully twisted together and then soldered to one of the 
No. 40 heating wires. The free ends of the thermo-coupIe"extend to two 
binding posts mounted on thebaae. These posts are for connection to a 
miilivoltmeter which is to be calibrated in amperes by compuison with 
a standard ammeter. 

The method of calibrating the instrument is shown in Fig, 91, where 
a battery B, a rheostat R, and a standard ammeter A,, are connected in 
series with the heating wires. The miilivoltmeter is connected to the 
iron element of the thermo-couple at Fe and to the Gennan silver 
element aXGs. 



>dbyG00glc 



Transmitter Construction 



127 



Various curreDts covering the whole range of the millivoltmeter ecale 
are passed through A^. The scale on the millivoltmeter should at any 
instant be given the value read from the meter Am- More accurate 
methods of caUbration will be found in standard electrical hand books. 

Frank O'Neill of Cahfornia designed the meter of Fig. 92. The 
pointer carrying mechanism was made from an old alarm clock. The 
hot wire, which is a piece of No. 36 wire about 4" long, ia strung between 
a hook and an adjusting screw as indicated. The pointer, which is not 
shown, is a piece of No. 28 copper wire soldered on the shaft carrying 
the wheel and spring. 
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AERIAL TUNING INDUCTANCE.— Ordinarily the 200-ineter station 
does not require an aerial coil separate from the secondary of the oscilla- 
tion transformer. The secondary of the oscillation transformer usually 
has sufficient turns to raise the wave length of the average amateur 
aerial to 200 meters. 

The aerial tunini; coil may be of the hdical type or afiai spiral patuake; 
the exact dimensions for any given wave length may be c^culated from 
the formulae in Chapter III. If bare strip or bare copper tubing is 
employed, the turns should be spaced about ^* to prevent sparldiig 
between them. If heavily insulated copper conductor is used the turns 
may be wound as closely as possible. A few turns of No. 6 stranded 
wire will be satisfactory, 

SHORT WAVE CONDENSER-— The short wave condenser is re- 
quired only when the natural wave length of the antenna circuit exceeds 
200 meters. For the average station operating at 200 meters, some 
capacitance between 0.0002 and 0.0005 mfd. is about correct. Several 
plates should be connected in series to prevent the dielectric from breaMag 
down. We have shown on page 46 that a plate of glass 14' x 14' covered 
with foil 12' X 12' has a capacitance of approximately 0.0016 mfd. 



— ^about the correct value for a series condenser. 

The short wave condenser should be connected in the earth lead and 
the wave length of the antenna circuit determined by trial with a wave- 
meter. If it exceeds 200 meters turns should be cut out at the secondary 
until 200 meters is obtained. 

If the flat top portion of the aerial is more than 120 ft. in lei^th, a 
short wave condenser of very small capacitance will be required to reduce 
the wave length to 200 meters. This will decrease the range of the set 
and it is therefore preferable to shorten the aerial. The author's ex- 
perience proves the desirabihty of designing the antenna with dunensioiis 
not requiring a short wave condenser. 

THE EARTH CONNECTION.— For amateur stations located in 
isolated districts where there are no water mains or steam pipes for 
connection to the earth a satisfactory earth plate can be made from 
250 square feet of galvanized sheet iron or copper laid in moist earth to, 
let us say, a depth of from 5' to 8'. A piece of copper strip 2' in widdi 
should be firmly nveted and soldered to the plates and led (firectly to the 
oscillation transformer of the transmitter. Additional contact with 
the moist earth can be made by driving several lengths of galTanised 
iron pipe with a sledge hammer to a depth of 8' or 10' under the copper 
plates. Surface grounds or counterpoises may be employed in localities 
having rocky soil. A good surface ground may be made of several 
copper wires laid on the surface of the earth directly underneath the aerial. 
Galvanized wire netting like that used for fencing is also satisfactory. 

Connection should not be made to the gas mains, as in many cities, the 
pipes from the meter to the house chandeliers have an insulating biuhing 
neat the meter which insulates the pipes from the earth. At every 
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station where it is possible to do so, a piece of copper ribbon, let us say 
2' in width, or a piece of heavily insulated No. 2 or No. 4 d.b.r.c. wire, 
should be attached to the water main on the street aide of the house 
meter. In many homes and apartment houses it is not possible to do 
this, and, therefore, connection must be made to the steam pipes, to the 
water mains inside the house, or to the steel frame of the building if such 
exists. 

In some localities the underwriters require that the earth lead from 
the apparatus be thoroughly insulated down to the point where actual 
connection to the earth capacity is made; under such restrictions special 
insulators should be constructed to hold the conductor away from the 
structure to which it is attached. 

SAFETY GAP FOR THE HIGH POTENTIAL TRANSFORMER.— 
Suppose, for example, that the spark gap is widened out so that the 
transformer voltage cannot jump the gap. Both the transformer and 
the high voltage condenser are subjected to an abnormal potential dif- 
ference, which may puncture the dielectric or break down the insulation 
of the secondary coil. The hability to breakdown under these condi- 
tions is far removed by placing a so-called safety gap in shunt to the 
transformer secondary. 
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Fig. 93 shows the construction of a safety gap. Two dis.chai^e balls 
J/^' in diameter are mounted on the ends of two brass rods J^' in diam- 
eter. A third ball of similar dimensions is centered between the other 



>dbyGooglc 



130 



Wireless Experimenter's Manual 



two and connected to earth. The spacing between A and the center ball, 
and fi and the center ball depends upon the potential of the transformer, 
but ordinarily it is not more than J-^". If now the main spark gap is 
widened out abnormally, the condenser discharges from A to C, and 
from B to C, protecting the transformer secondary and the condenser. 
The space between electrodes A and B must, of course, exceed the 
effective spacing of the main discharge gap in normal operation or other- 
wise the safety gap will discharge continually. 

PROTECTIVE DEVICES FOR POWER CIRCDITS.— The eleciro- 

static field around an aerial charged to high voltages is very powerful. 
It is often of sufficient strength to induce disastrous potentials in nearby 
circuits which may rupture the insulation of the power meter, the motor 
generator, the primary coil of the high voltage transformer or the lighting 
circuits in the building. These induced potential differences may be 
neutralized by protective condensers connected as shown in Fig. 94. 



Fin, M. Protective condeDsei 
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Two condensers having a capacitance of one or two microfarads eat^ 
are connected in series and earthed at the center connection. The re- 
maining terminals are connected through fuses of J^ ampere capacity 
to the leads from the alternating current source or across the power leads 
where they come out of the meter. The fuses are necessary in case of an 
accidental short-circuit in one of the condensers. 

A set of these condensers should be connected across any lighting 
leads that suffer from this source. Graphite rods of 1000 ohms each eire 
often used for the same purpose. The ends of the rod are connected 
to the power leads and the center of the rod connected to earth. 

THE LIGHTNING SWITCH.— The underwriters' rules in many 

cities require that the aerial of a radio station, when not in use, be con- 
nected to earth through a 100-ampere single blade switch. Without the 
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proper 8et of tools the experimenter will hardly be able to construct a 
switch which will meet the requirements. Single pole, double throw 
switches of this current carrying capacity can be purchased at any elec- 
trical store. The switch should have a base of good insulating material 
and, if mounted outside the room, should be placed in a metal or asbestos 
lined box. /( is important that the base of the switch possess the very best 
insulating qualities as othsrwise the high voltage currents of the trans- 
mitter will leak to earth. 
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LEAD-IN INSULATOR.— This insulator is employed to bring the 
aerial leads through the roof of a building or the side of the house. It 
must be' made of the very beat insulation so that it will not allow the 
high voltage currents to leak through it. The construction should be 
such that it will be water-tight. The more elaborate insulators used by 
commercial companies are beyond the means of many amateurs and 
therefore the simpler type shown in the drawing, Fig. 95, may be adopted. 
-It consists of a hard rubber tube, at least 16" in length with a hole ^'' 
to J^" in diameter, which is clamped to the roof by means of the wooden 
blocks, B B drawn together by the bolts, E E. The tube should fit 
snugly when the nuts on the bolts are drawn home. A second set of 
bolts is inserted at C and D through which the wooden blocks are drawn 
to the base board . 

To make the joint watertight, use a strip of canvas slightly larger 



>dbyG00glc 



132 Wireless Experimenter's Manual -" 

than the blocks, with a hole the size of the tube cut in the center. Then 
smear the canvas thoroughly with white lead. Insert the bolts at C 
and D and draw the blocks to the roof. If allowed to dry, a watertight 
joint will result, provided the strain of the lead-ins is removed by ap- 
propriate guys. 

The wire extending through the insulator (or a brass rod if used) 
should be at least the diameter of a No. 6 d.b.r.e, stranded conductor. 
It may be made watertight by filling the surrounding space with melted 
sulphur. A certain quantity of sulphur should be heated in a pan until 
it runs freely; the bottom of the insulator is then stuffed up with a 
quantity of waste and the sulphur poured in from the top until the 
insulator is completely filled. When dry, the sulphur hardens and 
possesses the requisite insulating qualities for high voltage currents. 
A metal cone A may be fastened to the top of the rubber tube to keep it 
dry in wet weather. 

A very good lead-in insulator may be made by boring a hole in a 
thick pane of glass through which a brass bolt is placed. The strain of 
the lead-in wires must be taken off the bolt by a guy wire attached to the 
lead-ins near the point where they enter the station. 



^JUMtrhi 



^2' 
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HOME-MADE INSULATORS FOR ANTENNA WIRES.— It is the 
usual practice to insulate the antenna wires from the "spreaders" by 
rods of hard rubber, bakelite, etc., fitted with an eye boU at each end. 
They should be from 12* to 24" in length. 

An inexpensive antenna insulator may be constructed as in Fig. 96. 
A piece of martin rope about 16' in length, with eyes at both ends made 
by serving the rope around heart-shaped thimbles, is covered with a 
hard rubber tube about 12" long. 

The tube should be large enough to afford a small air space between 
the rope and the wall of the tube. A quantity of melted sulphur is 
poured in the tube until the rope is thoroughly impregnated with it and 
the tube filled to the top. If this is properly done a watertight encase- 
ment will result. The matter of insulation with receiving aerials is not 
so important. Small porcelain knobs inserted at the ends of the antenna 
wires give all the insulation necessary. 

TRANSMITTING KEYS.— The sending key should have contact 
points that will carry 15 to IS amperes without fusing. Platinum key 
points are preferred but they are costly. Silver contacts are satisfactory 
and are widely used. Platinum contacts ^^e" in diameter will handle 
15 amperes without difficulty Silver contacts ^'' in diameter wUI 
handle the same current 

The constructional details of a transmitting key suitable for amateur 
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eetsare Bhown in Fig. 97. The lever and the structure for the lever 
bearings are of brass and the knob of hard rubber. The base is made of 
black fibre. 

EXAMPLES OF 200 METER SETS.— Whether the panel or the 
isolated instrument type of transmitter is the most desirable depends 
upon the service to which the set is to be put. For economy of space 
and for a fixed installation with which no further experimenting is to 
be done, the panel set is to be preferred. The isolated instrument 
type appeals to the amateur who desires to experiment from time to time 
with various circuits and apparatus. The argument that the panel set 
is more efficient than the isolated instrument type carries no weight, for 
by proper design and by observing certain precautions in the installation 
the sets are equally efficient. 

The panel set, in fact, introduces the difficulty of electrostatic in- 
duction from the radio frequency circuits, which may set up high voltages 
in the power circuits and puncture the insulation. Without due pre- 
cautions in this respect the panel set may prove a rather expensive 
experiment. 




Fis. 97. ConatnictionBt detailn of a. trsoBmittiog key euitsble for powen up 
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In panel sets the leads to the measuring instrumenta and, in fact, 
those throughout the primary power circuits must be covered with a 
metallic coating grounded to earth . Even the terminals of the meters must 
be covered with metaUic caps connected to earth. 

Protective condensers should be connected across the leads to the 
rotary gap motor. All power leads should, if possible, be run at right 
angles to conductors carrying radio frequency currents, the more so, if 
high voltages around 20,<X)0 or more are employed. 

There is one distinct advantage to be credited to the panel set; if a 
waxe length changing switch is to be employed, it can be fitted to the panel 
set with fewer mechanical difficulties than to the isolated instnment typ)e. 

Installation sketches of two sets using isolated instruments are shown 
in Figs. 98 and 99. The complete wiring between the component instru- 
ments is indicated. The set in Fig. 98 has a glass-plate high voltage 
condenser, while Fig, 99 has 4 standard commercial type Leyden jara. 
Open core transformers are shown but closed core types may be used 
as well. 
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The operating table for the set of Fig. 98 is placed about 32 laches 
from the floor and is approximately 30* in width. It may be from 6 to 8 
feet in length, according to the space available, and is, of coiuse, sup- 
ported at intervals by 2* x 4' uprights. 
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The high potential transformer is placed under the table and to the left 
in the drawing. The secondary terminals of the transformer are insu- 
lated by corrugated hard rubber bushings S-1, capable of withstanding 
potentials up to 20,000 volte without leakage. The safety gap con- 
nected across the terminals consists of 2 discharge electrodes connected 
to the terminals of the transformer and separated sufficiently to prevent 
discharge when the main gap is in action. 

The condenser rack is insulated from the operating table by corru- 
gated porcelain or electrose legs. For operation at the wave length of 
200 meters, the condenser may consist of 20 plates of glass 14" x 14' 
with an average thickness of ^". They are covered with tinfoil 
12''xl2''. There are two 10-pIate banks connected in series. Other 
dimensions may of course be used as long as the proper condenser capacity 
is provided. 

The leads extending from the transformer secondary are led up 
through the table through the insulating bushings B-2, and are attached 
to the binding posts 6-4, which are mounted on hard rubber slabs on 
the edge of the condenser rack. No. 18 d.b.r.c. wire will easily carry 
the secondary current, but a neater job will be done if 5^" copper tubinif 
is employed, as it is self-supporting when attached to the binding posts, 
B-1. 

The tabs of tinfoil from the condenser plates are attached to the 
binding posts B-4. If the brush discharge is excessive the plates may 
be immersed in a metal or porcelain tank, filled with a good grade of 
insulating oil. However, oil immersed plates often do not prove practi- 
cal, as it is difficult, even with the best grades of glue, to keep the tinfoil 
on the plates when they are oil-immersed, unless they are stacked up and 
bound together closely with insulating tape. 

The oscillation transformer is supported by the pillars, P-1, and the 
cross rod P-2. The primary is permanently fixed to the rod, but the 
secondary may be slid backward and forward for variation of the coupling. 

The primary coil has about four turns of %" copper tubing, with the 
turns spaced J^" apart. ItisfromS'tolO'lndiameter. The secondary 
coil contains from 8 to JO turns, spaced %" apart, and may be the same 
size of tubing. To secure a pure wave according to the U. S. law it is 
usually undesirable to have the secondary coil inside of the primary coil; 
generally there is an air space intervening of from 2" to 3". Both the 
primary and secondary turns must be well insulated and, in consequence, 
it is necessary that the supports of each be made up of some good insu- 
lating material, such as a high grade of hard rubber, porcelain, bakelite 
or micarta or any of the well known insulating materials. 

A spark gap G, is placed between the condenser and oscillation trans- 
former and it may take one of several designs. Amateurs are accus- 
tomed to use the non-synchronous gap, which usually consists of a disc 
of insulating material, 6" to 8" in diameter with a series of equally spaced 
diflchai^e electrodes mounted on the shaft of a motor, rotating from 
1800 to 2400 r.p.m. 

The terminals of the gap motor are connected to the top terminals of 
a 10-ampere power switch by means of which it can be started and 
stopped. Various methods can be devised for starting the motor; one 
is to fit the antenna switch with an extra set of contacts so that when 
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it is ttirowQ into trsBsmitting position the circuit to the motor is closed . 
It is much simpler, however, for the beginner to employ the method 
shown in the drawing. 

The antenna switch S-3, is a single blade, double throw switch, which, 
when thrown to the left, connects one terminal of the secondary winding 
of the sending oscillation transformer to the antenna and, when thrown 
to the right makes contact with a line leading to the primary of the 
receiving tuner. In the center position the blade connects the antenna 
to the earth lead at the point E, making an efficient lightning switch. 
To comply with the underwriters' regulations, this switch must be 
capable of carrying a current of 100 amperes and, to accord with the 
requirements of wireless installations, all contact studs should be spaced 
at least 6" to prevent the direct discharge of antenna potentials over the 
base. It is, of course, evident that the lever and studs of the switch 
must be mounted on a good insulating material, which in no case should 
be of slate. A good grade of hard rubber, bakelite, or micarta will fulfil 
the requirements. 

A connection is extended from the aerial lead-in wires to the lever of 
the change-over switch through an insulator, which ia a hard rubber tube 
with walls yg" in thickness, with a ^4' hole. A brass rod threaded at 
both ends and fitted with nuts and connecting lugs, is passed through the 
bole and firmly fastened in place. As an alternative a hole can be 
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drilled throuEli a. window pane and a brass rod passed through it, but the 
incoming leads of the aerial must then be well backstayed to remove the 
strain from the glass. 

The right hand stud of ^ja antenna change-over switch is connected 
to the &ntenna post of the reroVing tuner and the earth connection from 
the latter makes contact at the point E-1, to the wire to which the 
transmitting ground lead ie attached. With this type of switch in use 
the receiving tuner should be fitted with a shunt switch to protect the 
detedor from the local osciHations of the transmitter during the period 
of transmission. 

The transmiUing key is mounted immediately to the right of the 
tuner, and is placed far enough from the edge of the table to allow the 
sending oDerstcr'; ^Ibow to rest on the ledge. 

Tne hot-wire ammeter should be mounted on an insulating stand made 
of a sheet of hard rubber or other suitable materia! of the correct dimen- 
sions to support the meter. The base should be insulated from the wall 
by hard rubber legs. It is not necessary for this meter to be mounted 
on an insulating support when connected in series with the earth lead, 
but the Electrical Inspectors Code in many cities requires that this be 
done, regardless of the point at which it is connected. 

A J4 kw. transmitting set of slightly different design is shown in the 
sketch of Fig. 99, which includes a J^ kw. open core transformer, four 
standanl copper plated Leyden jars of the type manufactured by the 
Marconi Company (capacity 0.002 mfd. each), an oscillation trans- 
former mounted directly above the condenser, a non-synchronous rotary 
apark gap, an aerial change-over switch and a hot wire aerial ammeter. 




Flo. 100. Detaila ot tbe far rack tor the inaUlLe 



Note that the condenser jars are mounted in a wooden rack, the base 
of which is covered with a sheet of copper. Small upright posts 1 " x 12" 
support the top piece showu in Fig. 100. The holes to take the jars are 
4^ in diameter. 

Fastened to the top ot the rack is an upright rod of metal, hard 
rubber or of wood, which supports the primary and secondary coils of 
the oscillation transformer. It will be seen that with this arrangement 
of apparatuH the connections in the closed circuit are very short. The 
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complete closed osdUatton circuit can be traced out in the following 
manner: The four leads from the inside coatings of the four Leyden jars 
are connected to the binding post C, which is mounted on the base of the 
primary winding of the oscillation transformer. The circuit continues 
through the turns of the primary coil, out the top to the terminal E, of 
the rotary spark gap. The circuit then goes through the disc of the 
gap, out the electrode F, and finally to the binding post B, which in turn 
is connected to the copper strip at the base of the jar rack. With the 
apparatus mounted in this way no more than two or three turns of the 
primary winding are required for the wave length of 200 meters. 

The primary winding is made of copper tubing ?^ " in diajneter, spaced 
^'' from center to center of the turns. This tubing is fastened to hard 
rubber supporting posts by means of brass machine screws, the copper 
tubing and the hard rubber post being drilled accordingly. 

The secondary winding of the oscillation transformer comprises from 
6 to 12 turns of No. 6 d.b.r.c. wire which are closely wound. The top 
terminal is connected to one binding post of the aerial meter while the 
opposite terminal of the meter is connected to earth . The other terminal 
of the secondary winding leads to point K of the aerial change-over 




DRUM FOR SECONDARY 
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switch, extend to the contact blade L, and thus on to the aerial. When 
the switch is thrown to the contact point R, the aerial is connected to 
the receiving equipment. 

Drilling and over-all dimen^ons for the rotary gap disc appear in 
Fig. 101. A motor ehould be selected that revolves 1800 r.p.m. The 
disc, mounted on the ahaft of the motor, should be about 7 in diam- 
eter and should have eight or ten sparking points equally spaced about 
the circumference. These may be made of machine screws J^' or *^' 
in diameter. The sparking points should be placed on a radius 3* from 
the center and the stationary electrodes E and F should accordingly be 
separated about 6 " . With this design 240 sparks per second are obtained . 




Fid. 104. Panel 
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The top and base for the primary winding of the oscillation tranft- 
former are constructed as shown in F^. 102. Fig. 103 gives the dimen- 
sions of the drum for the secondary coil, which may be of wood. 

The aerial ammeter is mounted on a board immediately behind the 
rotary spark and at such a height that the reading of the scale is directly 
visible. The aerial change-over switch is similar to that shown in Fig. 98. 

A representative panel transmitter designed by A. R.. Zahoisky of New 
York City is shown in Figs. 104, 105, and 106. The panel indicates 
first-class workmanship throughout and shows what may be done when 
mechanical as well as electrical details are given careful attention. The 
over-ail dimensions are given in Fig. 104. They may have to be altered 
somewhat to suit the instruments and material which the amateur has at 
hand. The sketches, however, suggest other designs that the builder 
may work out at his convenience. 

The panel shown in the accompanying figures, may be made of transUe 
asbestos wood from l^' to ^ ' thick. This is the best kind of material to 
use, because it is cheaper than slate or marble, is more easily worked and 
is fireproof. However, a neat panel may be built of 1 ' oak or pine boards 
and given two coats of floor varnish. The panel is mounted by means of 
wood screws on two, 2' x 2' wooden uprights, or on iron brackets braced 
15' from the wall. 

For switching from a transmitting to a receiving position two single 
pole double throw high tension knife switches are employed. The 
blades as shown in the side elevations, Figs. 105 and 106, are interlocked 
by means of bell-cranks and levers. They are operated by a lever approxi- 
mately 2' long — 7' from the floor. This places it in a convement 
position for a man sitting in a chair. 

The conductor for the oscillation transformer shown in Fig. 106 should 
be no smaller than No. 4 B&S stranded bare or insulated cable. If none 
is available, the amateur may build up an equivalent cable by twisting 
together 27, No. 18 BAS bare wires, or 40, No. 20 BAS wires. The 
secondary coil has two turns, the primary 5 turns. The conductor for 
both primary and secondary of the oscillation transformer are wound on 
crosses made of pine boards impregnated with paraffine. Both c<h1s 
are supported so that they may slide back and forth on a square brasa 
rod set into the front of the panel. The coils are 10' in diameter. 

The condenser in the primary circuits is built up of thirteen Ji' 
glass plates 12' square. Half the plates are coated with extra heavy 
tinfoil 9' square applied to both sides. Terminal lugs are placed on the 
case, one on the lower edge, the other on the side. They are preferably 
made of thin sheet copper In ai<sembling the condenser a plain glan 
plate is placed between two coated plates to vary the capacity. IIub 
method avoids taking taps from the helix, the more common method. 

The rotary gap is one of the Marconi type of dischargers The disc 
is made from a piece of red fibre ^' thick, 10' in diameter and impreg- 
nated with paraffine. It has eight %' brass studs spaced equally arouwl 
the circumference and fastened by means of a thin nut on each aide. 
These nuts are made thin by cutting a.%' brass nut in two with a hack 
saw. The driving pulley should be about 3' in diameter. The disc 
and pulley are mounted on a piece of ^' drill-rod 6' long wbid) 8erve» 
as a shaft. The rotary gap should be driven by a small induction motor 
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and run about ISOO r.p.m. giving 240 discharges per Becond. The size 
of the pulley on the motor depends upon the motor speed. A leather 
belt serves as a driving medium. 




Fis. lOT. Wiiiuc ducnm oltha sppBiBtuiIn Mc. IM. 

The hot-wire ammeter on the left hand side of the panel should have 
flexible leads with spring cliiffl bo that it may be inserted in the aerial 
circuit when required. The other ammeter is placed permanently in 
the 110 volt supply line as shown in the wiring diagram Fig. 107. 

The special features of this transmitter are the short leads in the 
oscillating circuits and the lack of sharp bends or kinks which would 
cause leakage at high voltages. All sharp corners on both conductors 
and insulators should be rounded off with a file. The insulators shown 
on the high tension knife switches may be of porcelain, electrose, or 
hard wood baked dry and then boiled in paraffins. High volt^e insula 
tion is necessary. 

The diagram Fig. 107 does not show protective condensers, A 
protective unit consists of two one-mierotarad condensers connected in 
series. The central wire is connected to earth and the two outside wires 
across the power line close to the meter, A protective spark gap might 
also be connected across the secondary of the high voltage tran^ormer 

A panel set of less expensive construction has been shown by H. R, 
Hick of Comiecticut of which th» front and side views are given in Fig. 
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108. No. 1, on the front view, is an aerial hot wire amnieter; No. 2 
is a shunt switch for cutting it out of the circuit when not in use. No. 3 
is a control knob which, when pulled in and out, varies the coupling of 
the oscillation transformer. 

A single blade antenna change-over switch is indicated st No. 4. 
The blade should clear the knob of No. 3. No. 5 arid No. 6 are lai^ 
size snap switches; the former closes the power circuit to the transformer, 
the latter starts and stops the rotary gap motor. 




The driving motor for the rotary gap No, 7 is mounted behind the 
panel with the shaft extending through the panel. The switches No. 8 
vary the capacity of the high voltage condenser which comprises several 
units of the moulded type. The high voltage transformer is indicated 
at No. 10. A variable input is obtained by the multi-point switch 
mounted on the transformer box. 

Outlining the construction of a simple panel transmitter mitaUe 
for the amateurs financial resources and mechanical ability, C. S. BdB&D- 
tine suggested the arrangement of Figs. 109 and 110. A quenched gap 
is employed. The oscillation transformer is one of the helical ^rpe 
(shown at A Fig. 110) and immediately above it is an aerial toning coif £. 
The condenser at the bottom of the panel has two sections of the moulded 
type, the capacitance per section being 0.0017 mfd. 
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The source of 'high voltage ie an induction coil fitted with a magnetic 
interrupter. The plan presented is equally applicable to an a.c. trana- 
former set, ' 

In Fig. 109, the condenser busbars are indicated at 3. The change- 
over switch and coupling adjustment handle are shown at 4, while 5 
and 6 arp three-point wave length changing switches; one for the primary 
turns arid the other for the secondary turns. Taps from the two coils 
for three suitable wdve lengths are brought to the contact pointB on the 
switch.^ 




The notation 7 is a binding post for connection to the aerial lead-in 
wire. A email quenched gap of 4 to 6 plates suitable for spark coils is 
indicated at 2. 

The secondary coil of the oscillation transformer is wound with 
ordinary flexible lamp cord, the equivalent of a No. 14 wire. The 
primary turns are of No. 8 wire. The details of the wave length changing 
switches shown in the side view of Fig. 110 are not very clear, but the 
fundamental idea of construction is treated in the following paragraph. 
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Fio. 111. A apatk tJsiumittinE sec compactly moimt 

Fig. Ill shows a compact spark transmitting set not of the panel 
type, designed by Roger G. Wolcott of Virginia. The cabinet na« a 
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Blate front for the power control awitches. A pancake oscillation trans- 
former iB mounted on the top. The position of the secondary is fixed 
by the set screw F. 

A is a closed core transformer, B a high voltage condenser, and C a 
partition between. The rotary gap is mounted external to the cabinet. 
It should be placed nearby to keep the leads in the closed oscillation 
circuit at a minimum length . 

WAVE LENGTH SWITCH FOR TRANSMITTERS.— It is a distinct 
advantf^ to fit a panel transmitter with a wave length changing switch. 
These switches are now commonly used in government and commercial 
wireless telegraph transmitters. 

A mechanical switching arrangement of any type which will change 
the inductance or will instantly change the inductance and capacity of 
the open and closed circuits for several wave lengths, will permit the 
operator to use one of these wave lengths to "feel" his way through 
"jamming" in a way which the ordinary design does not afford. 

It must be understood that for each wave length not only a new value 
of ■primary and secondary inductance must be found, but the transformer 
coupling must be changed as well. It my;ht seem at first hand that two 
simple multipoint switches, one in the primary and the other in the 
secondary, would fulfil the requirements, if the taps on the oscillation 
transformer wero correctly located for each wave length. But in addition 




Flo. 112. Deuulauid 
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to this the transformer coupling would have to be altered for each wave 
length and this would necessitate an added operation. However, if the 
scheme of switches and connections shown in Fig. 112 is used, the primary 
coil L-1 and the secondary coil L-2 may remain a fixed distance apart 
for all wave lengths and the coupling changed by varying the number of 
turns in the secondary L-2 and the loading coil L-3, 

No mechanical details are given in Fig 112, These are left to the 
builder. The object of the sketch is to show the basic princi^es of a 
wave length changing switch. L-1 and L-2 are spiral coils mounted 
parallel. The primary wave length switch is mounted in front of the 
primary L-1, and the secondary switch immediately behind L-2. The 
former has three contact studs while the latter has six. 

From the switch points A BC oi the primary switch, leads are ex- 
tended to the primary inductance tapped on the coil at whatever points 
will give the desired wave length. The positions for the taps are, of 
course, found by a wave meter. The wave lengths for a 200-meter set 
might, for example, be 150, 175 and 200 meters and with the switching 
arrangement here provided the operator may use any of these at his 
discretion. 

Note that for the 200-meter wave the secondary switch cloees the 
circuit between coils L-2 and L-3, at the contact points F and F'; for 
the 175-meter wave at E and E' , and for the 150-meter wave at D and 
D'. The switch points D' , E' , and F' are connected successively to an 
increasing number of turns in L-2; as are D, E, and F on Zf-3. 

This &ords a progressive increase of inductance as the wave lei^h is 
raised although these cannot be said to be the exact relative positions 
of the contact clips on the oscillation transformer for maximum antenna 
current at the several wave lengths when in actual use. This will be 
explained presently. 

The blades of the primary and secondary switches can be attached 
to a rod R controlled by the handle H which may extend throi^h the 
front of the transmitter panel. This rod may pass through the center 
of the supports of the primary and secondary coils. It should be made 
of some good insulating material. The coil L-1 may be fastened r^dly 
to the panel, but L-2 should slide on the rod R. It is not necessary to 
provide a control handle to vary the spacing between L-2 and L-l pa 
this may be fixed when the correct position for L-2 is found. For 
quenched gaps the spacing is about 2', but for rotary gaps it may have 
to be 4' toe". 

The contact studs of the wave length changing switches must be 
mounted on good insulating material. Sheets of dUeeto or bakdite 
erected parallel to the coils will be suitable. 

For the 200-meter set operated at the three wave lengths which we 
have already mentioned, the capacity of the condenser C caimot exceed 
0.004 to 0.006 mfd. unless the connections in the spark gap oscillation 
circuit are extremely short. For it can be readily seen that if the capaci- 
tance of the condenser wero 0.008 mfd. for example, at the shorter wave, 
(150 meters) substantially no turns could be cut in at the primary. 

In regard to the use of the loading coil L-3 the experimenter should 
know that there are two ways of obtaining some desired degree of coupling 
between L-1 and L-2. First, the spacing between L-l and L-2 may te 
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varied until maximum antenna current and a pure wave ia secured; or, 
secxmd, L-l and L-2 may he "placed fairly close to one another and the 
coupling varied by cutting out turns at L-2 and adding a similar amount 
of inductance at L-3 so as not to change the wave length of the complete 
antenna circuit. 

To summarize, if L-l and L-2 are separated one or two inches and 
the coupling is too close for maximum antenna current cut out turns at 
L-2 and add an equivalent number at L-3. If the coupling is too loose, 
add turns at L-2, and take out an equivalent number at L-3. 

It is now clear that the use of the loading coil L-3 permits variation 
of the transformer coupling without disturbing the spacing between.L-l 
and L-2. It is equally clear that the wave length switches must; be 
mounted on the panel as near as possible to the radio frequency circuits 
in order that all connections may be of a minimum length. 

The only way to find the correct number of turns to be cut in at L-2 
and L-3 for each wave length is to try them out, in the meanwhile 
noting the reading of the aerial ammeter for maximum current. The 
prifnary circuit should be calibrated by a wavemeter. This insures 'the 
correctness of the wave length of the antenna circuit when it has been 
tuned to the closed circuit. Just how far L-2 is to be placed from L-l 
for its final position must also be found by experiment If the set is 
tuned according to the foregoing instructions the operator need only 
throw the switch in order to change the wave length. The advantages 
of such a switch are obvious. 

BUZZER TRANSMITTING SETS.— The simple vibrating buzzer 
serves many useful purposes around a wireless station. A so-called 
"test buzzer" is a part of every receiving set. 

For many years buzzers have been employed to energize oscillation 
circuits. Small buzzers have been used to transmit over distances of 
several miles. In fact, the author recalls distinctly a buzzer used in 
1904 to transmit radio signals between two stations four miles apart. 
A high power buzzer transmitting set permitting transmission over 100 
miles was developed during the war. Installed in an airplane the signals 
were distinctly readable 25 miles distant, using a simple crystal rectifier 
as a detector. 

Fig, 113 shows the basic idea of the circuits. By giving heed to the 
following details, any experimenter with the necessary tools will be able 
to construct a vibrating spark transmitter that will give satisfactory 
communication up, to let us say, 50 miles. 

The principle feature of Fig. 113 is the buzzer itself, consisting of a 
lai^e open core magnet in front of which is mounted the vibrator spring 
S-1 carrying a silver contact C-1 about 1 " in diameter. The stationary 
contact C-2 ia of the same material and of the same diameter. The 
spring S-1 should be rather stiff and if it is not an adjusting screw may 
be attached near the bottom to increase its rigidity. It is well to haVe 
iftdjustable spacing between the magnet core and the iron armature /. 

For use with a 500- volt d.c. source the magnet should be wound , 
with 2800 feet of No. 32 d.s.c. wire on a core about 5J^" long and IJ^" 
in diameter. The core is made of a bundle of No. 22 iron wires. 

The condenser C should be of rather large capacity while L, the prim- 
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try of the oecillstion transformer need only hare a single turn. It ta 
dainied that the oscillations in the spark circuit are hifchly damped, n 
that imptitt tjcctbilifn is obtaimxi. It is claimed further that the primary 
and !<econdary circuits Deed not be in exact reiwnance, although better 
results are obtained if they are in resonance. The capacity of C should 
he changed for differvnt wave lengths and the exact value for i 
antenna current found by trial. A capacitance of 0.013 mfd. i 
for 200 meter?. 

When the \nbrator is in operation an audio frequency dischaige o 
between the elecinxles C-l. C-'2. Although the pitch of the note is not 
high it is fairly uniform. .\s the st'paration hetwivn the electrodes C-l 
and C-'2 innvas«<s ^during vibration of the gap') the oseillatkHW in the 
first part of the wave train have undam[H\l charai^tertstica hot as the 
separation Kwnic«i greater their acuplitudt's fall off. giving the osdDatioD 
danipiM characteristu-^. The undacupesi characteristic becomea mofe 
pa^tument . at the shorter wa^^i' letisths. Siuiiessive truos do not hll to 
jeai and hcoit' the tmcismittitu: ranie. using receiving deteeton aattaUe 
for daiupi^.! oscillations, is ti\aterially t^iuoed. For maxintn 
».'tue fonu of the t^w-ii-Jj-.^ or " Sfi:.'" recn'uvr may b« ua«d. 
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Increased range may be secured with damped wave detectors by in- 
serting a mechanically operated "chopper" in the antenna circuit of the 
transmitter. This should be constructed to interrupt the antenna 
currents about 200 times per second. Very good transmitting ranges 
may then be obtained by using crystal rectifiers or any type of oscillation 
detector suitable to damped osdllations. Some form of a commutator 
type of interrupter may be used as a "chopper." 

When a 500-volt d.c. source is not available, good results may be 
obtained from 110 volts d.c. For operation at the latter voltage, the 
m^net in Fig. 113 is made of a soft iron core 1" in diameter, 43-^' long-, 
wound with No. 22 d.c.c. wire. The winding space is about 4' long and 
5^' deep making the diameter of the magnet about 2^". The vibrator 
is made of a piece of cold-rolled steel about 1" wide, 5H* long, and 
He' thick. The soft iron armature mounted on the spring is about 1' 
in diameter and }>£' thick. The silver contacts are Vie' thick and about 
1' in diameter. 

The most expensive items in the buzzer transmitter are the silver 
contacts, which are sweated on to copper bases. This is a difficult job 
and is best done by a jeweler. The oscillating current in the closed 
circuit is approximately 40 amperes which explains the necessity for the 
large contacts. 

The oscillation transformer secondary may consist of 15 turns of bare 
No. 12 B&S wire wound on a form 12' in diameter. The primary may 
have one or two turns placed inside the secondary. 

The 110-volt set takes about 0.75 ampere d.c. and the 500-volt set 
about 1 ampere. 

This type of transmitter should prove useful for inter-city radio 
communication, though it is also practical for greater distances. The 
75-watt buzzer set will give antenna current of about 1 ampere. The 
range is about 20 miles with crystal rectifiers at the receiving station. 
With a chopper in the antenna circuit of a 500-watt buzzer set, to gain 
a more efEective modulation of the antenna currents, 200 miles have been 
covered. 
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CHAPTER V 
CONSTRUCTION OF AERIALS AND MASTS 

TYPES OF AERIALS.— The inverted "L" fiat top and the "T" type 
are the most common of the four principal types of aerials in use to-day. 
The "fan" and "umbrella" types are rarely seen at amateur stations. 

Phosphor bronze aerial wire is employed at commercial stations, be- 
cause of its tensile strength, combined with a fair degree of conductivity. 
A single wire usually consists of 7 strands of No. 19 wire or 7 atron^s of 
No. 21. Hard drawn copper wire or aluminum wire may be used. 
Galvanized iron or steel wire has been employed but the resistance losses 
are rather high. 

For receiving work two wires spaced 4 to 10 feet are sufficient, but for 
transmitting use 4 to 8 wires. The fundamental or natural toave length 
of transmitter aerials obviously must be ^ss than 200 meters for some 
inductance must be inserted at the base to absorb energy from the spark 
gap circuit. As shown in Chapter III , pages 52 and 54 , the fiat top portion 
of an inverted "L", for operation at 200 meters, cannot exceed 100 feet 
in length; while for a "T" aerial, the length cannot exceed 140 feet. In 
either case the flat top portion with the lengths given, cannot be more 
than 40 feet above the earth. In any case it is better to measure the 
natural u-ave length of an aerial with a ware meter. If it is too long, the 
flat t^p can be cut off until the desired fundamental is obtained; or a 
short wave condenser may be employed to reduce the wave length. But 
this last is not recommended. 

The same applies to the receiving aerial; for efficient reception at 200 
meters its fundamental wave length must be less than 200 meters. Al- 
though very long receiving aerials cannot be used for the reception of 
short wave lengths a small 200 meter aerial may be employed to receive 
the longest waves; for because of the amplification obtainable from the 
vacuum tube very weak incoming signals, which would be obtained from 
such small aeriiils, may be brought up to audibility. 

Fig. 114 shows the general design of an inverted "L" aerial supported 
lietweon two man'ts on separate buildings. Fig. 115 shows a "T" aerial 
with the iead-in in'res attached to the center of the^a( top. The wires 
are strung on spruce spreaders 8' or 10' in length. Each wire has one 
insulator 12' to 24' in length at each end of the flattop. The ends of the 
bridle for each spreader are attached to eyi^bolts at the ends of the 
spreader, and the middle of the bridle fastened to the lifting kaiyard 
which runs through a pulley block fastened to the top of the mast. The 
lead-in wires are connecteil to a lead-in insulator like that desoiibed on 
page 131. 

152 
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The lead-in wires should be "bunched"; that is, twisted into a cable. 
There is no advantage in using spreaders longer than 10'. 

PRECAUTIONS. — If the transmitter operates at high voltages the 
flat top should not be erected over power, light or telephone wires, as high 
voltage radio frequency currents may induce disastrous potentials in 
such circuits. The flat top should be swung just as far as possible from 
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euch electrical circuits. If it is impossible to erect the antenna at a 
considerable distance from local power circuits try and place the antenna 
at right angles to them. 

Only the best grades of insulators should be used in transmitting 
aerials. Insulators made of cheap materials will leak the antenna cur- 
rents in wet weather and thereby destroy the efficiency of the set. 




Fio. lie. Self-flu 
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MAST CONSTRDCTION.— The amateur is accustomed to attach 
his aerials to any high structure available. Often the aoteona wires are 
seen stretched between a water tower and a tree, between the gable of a 
Lam and the roof of a wireless cabin, or between two high trees. 

In cities the roofs of apartment houses are dotted with flat top aerials, 
supported on gas pipe masts 20' to 30' in height. Any one can easily 
install, single handed, a couple of lengths of gas pipe joined by a coupling 
with a pipe stand fitted to the base. The pipe stand is bolted to heavy 
pieces of i" xi" timber, and further support given to the mast by iron 
wire guys attached to convenient fastenings on the roof. 

The triangular self supporting tower in Fig. 116 is neat in appearance 
and very desirable if there is insufficient room for guy wires. Robert 
Kennedy of New Jersey suggested the design. The essentials of the 
design will be evident at a glance. Three lengths of 1' gas pipe are 
separated at their base by one-fifth their length. They are bound to- 
gether at equi-distant spaces, by an iron strap rigidly attached to each 
pipe as is shown in the detail A . The strap passes part of the way around 
the pipe. A bolt is inserted and screwed up tightly as shown. In order 
to increase the height, a wooden top-mast may be fastened to the top. 
This is supported by a piece of heavy wood placed at the first brace from 
the top as is shown in the upper right hand part of the drawing. 

As an alternative, fit a pipe stand to the base of the top-mast and 
fasten it to the wood base by lag bolts. Attach an iron band with an 
eye to take the pulley block to the extreme top, as shown in the illustra- 
tion. 

Allan Lawson shows a 

simple method of support^ 
ing an aerial between a> 
wooden mast on a building 
and a tree. His designs 
are presented in Figs, 117 
and 118, The mast is sup- 
ported solely by guys and 
this construction is recom- 
mended where it is not per- 
missible to cut holes in the 
roof. The mast is built of 
2" X 2' timber. For a 
height of 30', 6 pieces, 10' 
in length are required. 
The legs are separated 8' 
at the base. They rest on 
1 " boards and are fastened 
to them by cleats. 

Wood cross pieces made 
of one inch board are 
placed at regular intervals 
to brace the structure. 
Further bracing is secured 
by the cross wires which 
may be pulled taut by turn- 




ed byGoOgIc 



156 Wireless Ezpeiimeiiter's Manual 

buckles. Two guy wires are fastened to the top and two more at the 
middle. These are then fastened to eye-bolts inserted in the roof. 

Fig. 119 shows the amateur how he may erect a wooden mast with 
the aid of his neighbors. H. E, Langeof Missouri suggested this method. 
The particular mast to which this process of erection was applied was 
54' tugh and built up in three sections. The bottom section was made 
of 3' X 3* stock, the second section of 3" x 2' stock and the top sectioD 







2* X 2^4'- Although the sections are bolted t<^ether the strain is taken 
off the bolts by cutting away the overlapping part of the lower section 
so that the weight of the section above rests on the section below it. 
Beginning at the bottom, three seta of guys are placed 17, 18, and 19 
feet apart. 




B shows the halyard for pulling up the mast. It is attached to a 
guy wire and the rope goes through the pulley A . In order to prevent 
side sway the men stationed at D and E hang on to the mast gu^. 
While the men at A are pulling on the halyard, the man at C ia insertmg 
a prop to relieve them between pulls. The men holding the gays at 
D and E must stand back at a distance so that the mast will not topple 
in the opposite direction when it drops into the hole. 
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Fig. 120 shows a 70 foot gas pipe mast of unique construction designed 
by Geo. H. P. Gannon of Massachusetts. The complete specifications 
appear in the sketch. The bottom section is made of 2" gas pipe, suc- 
cessive sections are of lesser diameter until for the top section the diam- 
eter b ^''. The mast is braced by steel telegraph wire and turnbuckles 




I. 120. A 70 (oot mut 
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inserted in the guys at the base as shown. The drawing makes clear 
the remainder of the construction. 

Fred Jameson of Kansas erected a llO-foot mast of the type shown 
in Fig. 121. It is built up of discarded steel boiler tubes which may be 
secured from junk yards at small cost. The tubing weighs about 70 lbs. 
per 14-foot section. In Fig. 121, No. 1 ia a detail of the sectional joints; 
No. 2, a cut away portion of the topmast; No. 3, a detail of the base, and 
No. 4, the completed mast. Fourteen foot lengths of 3K' tubing are 
most desirable. The connecting sleeves are made from a discarded piece 
of water pipe 20 feet long, cut into 7 sections. If 3J^' boiler tubes are 
used the sleeve should be SJ^" water pipe, as boiler tubes are measured 
on the outside and water pipe on the inside. 

The guy wires are made of No. 8 or No. 10 galvanized wire. The 
completed mast weighs about 700 lbs. Precautions must be taken 
during the erection. First bolt the two top sections together and then 




pull them up in a perpendicular position by means of a 30-foot gin pole ' 
erected alongside the base. Then raise the two top sections hirii enough 
so that the next lower section can be bolted to the bottom and so on. 

The guy wires are attached before the erection and are "payed out" 
through eye-bolts fastened to "dead men" buried, about 40' from the 
base, A helper must be stationed at each "dead man" to pay out the 
guy ropes slowly as the mast goes up so that it may be held m a strictly 
vertical position. This is a "ticklish" job and should not be tuidertaken 
by any one without previous experience in this line of work. Elacb % 
wire is insulated from the earth by ordinary porcelain knobs h 



>d by Google 



Aerials and Masts 159 

the guys neai- the "dead men." To raise the mast a one-ton hoist is 



Fig. 122 shows another way of raising a mast with a ^'n pole set along- 
side the hole for the mast. The method is clear from the sketch. All 
guys are attached previous to the erection. To prevent it from snapping 
off, the mast can be strengthened, by the brace F, over which is passed a 
cable fastened to both ends of the mast. 

ANTENNA INSULATORS.— A cheap and simple antenna imulcUor 
with sufficient insulating qualities for transmitting aerials is shown in 
Fig. 123. It is made up of porcelain cleats, porcelain knobs and iron 
bolts as shown. The drawing shows two parallel cleats of the ordinary 
type separated by two por- 
celain knobs. The aerial 
wires are fastened to the 
bolt on the end, farthest 
from the spreader. All the 
necessary material can be 
purchased at any electrical 
supply store. The drawing 
explains the assembly of the 
insulator and the method of 
attaching the antenna wires. 
If the strain on the wire is 
excessive, on account of a 
lengthy span, the insulators 
may be strengthened by us- 
ing two cleats on each side 
instead of one. 




Fia.122. Sbowius Uie ui 
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CHAPTER VI 

RECEIVING TUNERS AND OSCILLATION DETEC- 
TORS—GENERAL THEORY OF OPERATION- 
PREFERRED CIRCUITS— GENERAL DE- 
TAILS OF CONSTRUCTION 



GENERAL CONSIDERATIONS.— There is a certain similarity be- 
tween receiving and transmitting circuits in wireless telegraphy. Take 
for example, an inditctively coupled transmitter: The closed circuit 
generates radio frequency currents which are passed on to the open or 
aerial circuit from which a wave motion is propagated. In an in- 
ductively coupled receiving set the antenna or open circuit absorbs a certain 
amount of energy from the passing wave, and passra the resulting cur- 
rents to the closed circuit where they are detected and, in some cases, 
amplified. If at the transmitter an oscillation detector is substituted for 
the spark gap, and the secondary of the high voltage transformer is' re- 
placed by a telephone receiver the transmitting radio frequency circuits 
will function as a receiver. With this change of apparatus, the same 
circuit may be used for both purposes. This, however, is not done in 
practice. 

The necessity for resonance between the closed and open circuits of 
the transmitter has already been pointed out. Similarly, if any useful 
results are to be expected, the closed and open circuits of the receiver 
must be tuned to each other and in electrical resonance with the fre- 
quency of the wave motion radiated by the transmitter. The process of 
obtaining resonance is called tuning and in receiving circuits maximum 
signals are obtained only when the receiver circuits are accurately tuned 
to the transmitter. 

The ordinary telephone receiver is used to translate radio frequency 
currents into audible signals. Certain facts about the operation of the 
telephone will be reviewed. Though it might be thought that since the 
telephone receiver will indicate the passage of very feeble currents it 
may be connected in series with the receiving aerial to detect the flow of 
radio frequency currents, the fact remains that the telephone diaphragm 
cannot follow the extremely rapid variations of radio frequency currents 
of the higher frequencies. Even if this were possible no sounds would be 
detected by the ear, since the average ear is unresponsive to vibrations 
above 16,000 per second. The ability of some ears to detect sound vibra- 
tions fails at frequencies considerably below that value — at, say 8,000 
vibrations per second. 
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Wlien a receiving antenna is tuned to a 200-meter transmitter the 
frequency of tlie antenna cmrents is 1,500,000 cycles. The lowest fre- 
quency employed for transmission and reception up to date is about 
15,000 cycles; the highest about 3,000,000 cycles. The first value is 
about on the boundary line between an audible and inaudible current. 
Since the ear will not respond to such high frequencies and since the 
average telephone responds best to lower frequencies — between 500 and 
1000 per second — it is necessary to modify the wave form of radio fre- 
quency currents into a form suitable for maximum response in the tele- 
phone receiver. 

One way of making damped oscillations of radio frequency audible 
m the head telephone, is to rectify the currents into d.c. pulses. There 
arc several minerals and compounded crystalline substances which have the 
ability to rectify high frequency currents. When used in this way they 
are called osdUation detectors. It cannot be said that they detect any- 
thing for what they really do is convert radio frequency currents into 
uni-directional currents to which the telephone will respond. To obtain 
response in a telephone the amplitudes of the rectified radio frequency 
currents must be modulated at audible frequencies. In spark trans- 
mitters the antenna currents are generated in audio frequency groups 
determined by the number of spark discharges per second. The tele- 
phone is then impulsed once for each spark discharge. 







The curves of Fig. 124 show the phenomena of rectification and 
reception. The upper curve shows three groups of incoming radio fre- 
quency OBcUlations. The second curve shows the uni-directional cur- 
rents resulting from rectification, and the lower curve shows the tele- 
phone current. The rectified pulses of each group in the second line are, 
of course, radio frequency pulses to which the diaphragm cannot respond. 
The pull on the diaphragm is the result of a sort of an average effect of 
each group of pulses as shown by the lower graphs. 

Then if the amateur's transmitter has, let us say, a non-synchronous 
gap giving 240 sparks per second, 240 groups of radio frequency currents 
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flow in the antenna circuit of the tranBmitter; a similar number axe in- 
duced in the receiver circuits where they are rectified and the diaphragm 
of the telephone will be impulsed 240 times per second. The listener 
will hear in the telephone a note of the same pitch that he would hear 
weie he standing beside the transmitting spark. 




. The ducnm shows the t 



t. often called the ' 



THE INDUCTIVELY COUPLED RECEIVER.— We must next con- 
sider the fundamental circuits of an inductively coupled receiver utilizing 
a simplt, rectifier as ai. oscillation detector. The fundamental diagram 
is shown in Fig 125 L-1 is the aerial tuning inductance, L-2 the prim- 
ary coil of the tuning transformer, C-1 the short wave condenser, A the 
antenna which is connected to earth at the lower end. These are the 
elements of the open circuit. 

The closed circuit compnses the secondary of the tuning tranafonner 
L-3 and the shunt variable condenser C-2. Z) is a carborundum rectifier 
and C-Z a telephone condenser. S is a battery of 2 to 4 volts, P-2 is & 
400 ohm potentiometer, and P-1 are head telephones of 2000 ohins re- 
sistance 

The tuning elements for establishing resonance with the transmitter 
are L-1, L-2, Zr^, C-1, C-2 The circuit of Fig. 125 operates practicaDy 
afr follows: If the distant transmitter radiates at 200 meters the 
liequency of the radit^ted wave motion is 1 ,500,000 cycles per second. 
As the antenna A is in the path of the wave it is acted upon by the static 
and the magnetic components of the electric wave which tend to induce 
in the antenna system oscillations of the frequency radiated by the 
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transmitter. It is hardly possible that the antenna circuit of the re- 
ceiving system will have the correct values of inductance and capacitance 
for resonance with the radiated wave; therefore, resonance must be estab- 
lished by the tuning elements shown in the diagram. 

We have seen in connection with the transmitter that the tuning of a 
radio frequency circuit to a given impressed frequency resolves itself 
into the problem of making the inductance reactance and capacitance 
reactance equal to a particular frequency. And that is just what the 
operator at the receiving station does in order to establish resonance 
with the transmitter. By varying L-1, L-2, or C-1, he makes the total 
inductance reactance of the antenna equal to the total capacitance 
reactance for a particular frequency, say of 1,500,000 cycles. This has 
been accomplished when maximum signals are obtained in the head 
telephone. 

■ Assume now that the antenna circuit is in resonance with the trans- 
mitter; the antenna current has reached a maximum, and it now remains 
to be "detected." The coil L-3, the secondary, is brought into inductive 
relation with the primary L-2, and consequently an e.m.f. of radio fre- 
quency is impressed across L-3. By varying the capacitance of C-2, a 
value can be found that will just neutralize the inductive reactance of 
L-3, and the current in the closed circuit will reach a maximum. In 
other words both the closed and open circuits are in resonance with the 
transmitter- 
Referring now to the detector and associated apparatus, note that the 
current from a local battery B flows through the rectifier D, through the 
secondary L-3, through the telephones P-1, through the contact on the 
potentiometer P-2 back to the negative side of the battery. The object 
of the battery ia to increase the efficiency of the detector. The detector 
is a much better conductor of electricity flowing in one direction than in 
the opposite direction. Assume then that the current from battery B 
flows tluxiugh the crystal in the direction in which it is the better con- 
ductor and the detector is 8ui>jected to potential differences at radio 
frequencies. Due to a peculiar property of the carborundum rectifier it 
can be demonstrated that when the e.m.f. due to the incoming signal is 
in the same direction as the battery e.m.f. there will be a large increase of 
current in the circuit which includes the head telephone. When the 
e.m.f. of the incoming signal (for the next half oscillation) opposes the 
battery e m.f., there will be a small decrease in the normal current 
through the head telephone. Since the current increases to a greater 
degree than it decreases, the preponderance of current, during a group of 
incoming oscillations, ^ows in one direction. This in effect amounts to a 
direct current to which the head telephone readily responds. 

Each spark at the transmitter induces a group of radio frequency cur- 
rents in the receiver; and each group, according to the actions outlined 
above, sends a uni-directional current through the telephone. Hence 
if the transmitter produces 240 sparks per second, the diaphragm in the 
telephone will be pulled 240 times. 

The aerial tuning inductance L-1, in Fig. 125 is required only when 
very long waves are to be received on short aerials. For wave lengths 
up to two or three times the fundamental of the receiving aerial the 
necessary antenna inductance may be included in the primary L-2. 
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The short wave condenser C-l is used to establish resonance with wave 
lengths below the fundamental wave length of the antenna. The varia- 
tion of this condenser necessarily gives a small range of wave lengths, 
for it is not possible to reduce the fundamental wave length of antenna 
by quite one-half with a series condenser. As an illustration if the 
fundamental wave length of an aerial is 600 meters about the lowest 
wave length that can be obtained for practical working is about 350 
meters. 

On the other hand an antenna may be loaded by inductance to many 
times its natural wave length. An aerial whose fundamental is 300 
meters may be loaded to 20,000 meters and will give good signals from 
high power stations if a multi-stage vacuum tube detector set is 
employed . 

THE USE OF A BUZZER TESTER.— The adjustment of an oscills- 
tion detector of the "contact" type depends largely on skill gained 
through practice. As shown in the following designs these crystals are 
usually mounted in a container which is one terminal of the detector. 
The opposite terminal is a sharp -pointed contact which preases i^ainst 
the crystal and is designed so that contact can be effected with prac^cally 
any spot on the surface of the crystal. 

The spot on the crystal which gives the loudest signals in the head 
telephone from a given transmitter is called the "most sensitive" point 
of contact. This may be found by trial while receiving from a distant 
station; but the operation is facilitated by a "teat buzzer" the circuits for 
which are shown in Fig. 125. 

A common electric buzzer B-1, energized by a battery B-2, includes 
in its circuit a push button K and a coil L-4. The latter is placed in 
inductive relation to the antenna coil L-5. Each eoU consists of a few 
turns of bell wire wound on a spool 2" in diameter. 

When the buzzer is active an e.m.f. of audio frequency is impressed 
across L-5, setting the antenna circuit into oscillation at whatever fre- 
quency it happens to be adjusted to. By coupling L-3 closely with L-2 
radio frequency currents are impressed upon the detector D. The opera- 
tor then varies the position of the point on the crystal, trying varying 
pressures on the contact point and simultaneously adjusting the position 
of the contact on the potentiometer P-2, until the loudest possible sig- 
nals are obtained in the telephone from the buzzer. Care must be 
exercised to send the battery current through the crystal in the right 
direction. The proper polarity is readily determined by experiment. 

TUNING THE RECEIVER.— If the receiver has been calibrated by a 
wavemeter it is an easy matter to tune a receiving set to any transmitter. 
If a table of wave lengths is not provided the distant station must be 
"found" on the tuning box by trial. The closed circuit can be calibrated 
in the factory but since the primary coil will be used with aerials of 
different values of inductance and capacitance the antenna circuit can- 
not be caUbrated until the set is installed. 

If the setis calibrated by a wavemeter a table of wave lengths cor- 
responding to the dials on all the tunihg appliances can be prepared to 
which the operator may refer from time to time. 



>dbyG00glc 



Receiving Apparatus 165 

If a receiving tuner is not pre-calibrated resonance with a distant 
transmitter may be established by taking progressively the following 
steps. Referring to Fig. 125: 

(1) Set condenser C~2 at zero. 

(2) Set coil L-1 (if used) at zero. 

(3) Close tlie switch S-3 around the short wave condenser. 

(4) Couple the coU LS closely to Z.-2 usiug half of the turns of L-3. 

(5) Set the buzzer in operation hj closing the push button K. 

(6) Adjust the pressure of the contact point on the detector and vary the position 
of the slider on the potentiometer until loud signals are obtained. 

(7) If it Is definitdy known that the transmitter Is in operation vary the inductance 
of L-2 until signals are heard. 

(S) Then reduce the inductance of L-3, add a little capacity at C-2, and try various 

couplings between L-2 and L-3 for louder signals. 
(9) If the signals are weak move the potentiometer slider to ascertain if still better 

signals can be obtained. 

(10) If the fundamental wave length of the receiving aerial exceeds the wave length 
of the transmitter, cut in the short wave condenser C-l. Vary its capacitance 
until the desired station is heard. 

(11) If the wave length of the distant transmitter exceeds the fundamental wave 
length of the receiving antenna with all the turns of coll L-2 cut in, add turns 
at L-1 until the desired signal is heard. 

To reduce interference proceed as follows: 

(1) Reduce the couplii^; of the tuning transformer fay drawing L-3 away from L-2. 

(2) Then increase the capacity of C-2, 



It the interfering signal cannot be eliminated in this way it indicates that: 

(1) the interfering signal is a highly damped wave or, 

(2) ttiat the interfering statipn operates on the same wave length as the station it is 
desired to receive. 

Crystal rectifiers will not hold a "sensitive" adjustment indefinitely, 
hence frequent use of the test buzzer is necessary to maintain communica- 
tion. 

OTHER METHODS OF COUPLING.— While the inductively 
coupled tuner is generally preferred in radio work there are other methods 
of coupling the detector to the antenna circuit. 

Fig. 126 shows the plain aerial connection. The detector D is con- 
nected directly in series with the antenna circuit. This is an inefficient 
method for the resistance of the detector introduces losses of energy and 
prevents the establishment of sharp resonance with the transmitter. 

EUctrosta ic or capacitive coupling between the closed and open cir- 
cuits ia shown in Fig. 127. Coils P and S are coupled through the 
variable condensers C-l and C-2. Variation of their capacity is said to 
vary the transfer of energy from P and S. Condensers C-l and C-2 
are operated simultaneously from a single control handle. They may 
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be of fixed capacitaDce for a limited range of wave lengths. In fact one 
of the condensers is sometimes eliminated and the other used to vary the 
coupling. The chief advantage of this circuit is that it permits a more 
rapid change of coupling than the usual tuner mechanism where the 
secondary is drawn in and out the primary. 

Direct or condiictive coupling is shown in Fig. 128. A single coil is 
used m an auto-transformer. Tap A varies the antenna wave length, 
while taps B and C vary the frequency of the detector circuit and permit 
the coupling between the antenna apd detector circuits to be varied. For 
instance if the turns between taps B and C are cut in at a distance from 
those between A and E, loose couplings are secured just as in the in- 
ductively coupled receiver. Just as good signals will be obtained with 
this method of coupling as with the inductive coupling, but obviously, 
it is less difficult to change the coupling of the inductively coupled set 
than the conductively coupled set. 

The beginner is advised to practice with the circuit of Fig. 128. 

RECTIFIERS OF RADIO FREQUENCY CURRENTS.— There are 
many minerals and compounded elements which will rectify radio fre- 
quency currents. Crystals of galena, silicon, iron pyrites and earbor- 
undum are most common. 

Zincite in contact with bornite is a good combination and molybdenite 
is often used while many recommend a piece of graphite in contact with 
galena. Carborundum is generally preferred. These crystals are rugged 
and tend to hold their adjustment over long periods. They are suffi- 
ciently sensitive for several hundred miles working in commercial practice. 

It is well to remember that carborundum is not a native mineral, but 
a product of the electric furnace. It is a combination ot sand, salt, 
sawdust and coke. The finished crystal is known to chemists as carbide 
of silicon. Galena {lead sulphite Pb S), iron pyrite (Fe Sj), bornite 
(3 Cus Fe^ S3) and molybdenite (Mo S) are natural sulphides. . Zincite 
(Zn O) is a natural oxide. 
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The majority of these crystallioe elementfi differ from carborundum 
in that the opposing contact must bear on the crystal with very light 
pressure. Hence we have the familiar "cat whisker" detector. With , 
carborundum, on the other hand, it is possible to apply very heavy 



Some crystals of silicon, when ground down to a polished surface on 
an emery wheel, will withstand a fairly heavy pressure at the opposing 
contact and remain sensitive to incoming signals. Generally, however, 
this does not hold true, particularly in the case of galena which on 
account of the lightness of contact is difficult to adjust to a sensitive 
condition and to maintain in a sensitive condition for an indefinite period. 

Suitable holders or "detector stands" for various crystals will 
presently be described. 

CHARACTERISTIC CURVE OF THE CARBORUNDUM CRYSTAL. 
— It is interesting to study the phenomena exhibited by carborundum 
crystals under various d.c, e.m.f.'s. The characteristic curve shows 
that the resistance of the crystal changes with the current flowing through 
it; i.e., a circuit with such a crystal in cries, docs not obey Ohm's law. 
This can be demonstrated by the experiment outlined in Fig. 129. 



1 
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Fig. ,129. Circuit uiiS BppuBtus for obc&inti 



A battery B of 4 to 6 volts is shunted by a 400-ohm potentiometer P. 
Z> is a carborundum crystal in the circuit of which is connected a low 
reading voltmeter and a microammetcr. The impressed e.m.f . is varied 
progressively from 1, to say, i volts, and the readings of the micro- 
ammeter noted at euccesaive steps. When the data obtained in this 
way are plotted in the form of a curve they may have the appearance of 
Fig. 130. It is seen that as the voltage is increased from 1 to 2.5 volts, 
the current rises slowly, but for potentials in excess of that value, the 
current rises rapidly, showing that the resistance of the crystal has 
dropped rather suddenly. The bend in the curve is approximately where 
the change takes place and it is here that the crystal usually functions 
best as an oscillation detector. 

Referring now to Fig. 125, assume that contact on P-2 is adjusted to 
correspond to the lower bend on the curve*: Assume further, that the 
e.m.f. of radio frequency impressed by the incoming signal has a potential 
of 0.5 volt. If the steady e.m.f. is 2.5, the potential across the crystal 

*TI» Utbb va1u« of cunTDt iulLcatcd by tbese curves were pujpovly Belecl«d to mike the pbe- 
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will vary from (2.5+0.5) = 3 to {2.5— 0.5) =2. The current throv^h the 
telephone will change from the normal of 25 microamperes to 150 micro- 
amperes when the potential difference is 3 volts, and will drop to 20 
microamperes when the potential difference is 2 volts. 




uxl kiul batuiT 



It is easily seen that the preponderance of current is in one direction 
so that a group of oscillations sends through the telephone what amount 
to rectified currents. The resulting uni-direetional currents in the tele- 
phone are shown graphically in Fig. 131. Successive maxima decrease 
,in amplitude according to the damping of the incoming signal. The 
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telephone responds to an average of the maxima 1, 2, 3, 4. The resulting 
telephone currents for two groups of incoming oscillations are shown in 
Fig. 132. 

The student with the proper instruments may plot for himself charac- 
teristic curves of various carborundum specimens. Obviously the 
crystal with the steepest curve, will give the best response. The bend in 
the curve of Fig, 130 has purposely been magnified to illustrate more 
effectively the rapid drop of resistance at that point. 

While the foregoing curve explains the action of a carborundum crystal 
when functioning as a detector of radio frequency currents, it perhaps 
does not explain the facts fully enough. 

TUHER DESIGN. — The dimensions of a receiving tuner to cover a 
definite range of wave lengths is a matter of first importance. Putting 
too many turns on the primary and secondary coils for the shorter waves 
is an error made by some experimenters.. The unused turns of a coil 
introduce "and! wrw bosses," which tend to decrease the efficiency of a set. 
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Fio. 133. Dincrein 



Assume for example that the aerial A of Fig. 133 is made of four 
wires spaced 2', the flat top being 80' long and 40' high. From the table 
Fig- 20, its inductance Z/o = 41,UO centimeters, and capacitance C„ 
= 0.000324 mfd. The fundamental wave length is approximately 150 
meters. We now wish to calculate the inductance of L-1 to raise the 
wave length to 200 meters. We also want the inductance of L-2 and the 
capacity of C-2 to give the closed circuit a frequency equivalent to the 
wave length of 200 meters. 
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When very large values of inductance are inserted at L-1, sufficient, 
let us say, to increase the wave length many times the fundamental wave 
length, there is no great error in using the wave length formula for 
lumped circuits, viz.: 

X=59.6 VXc 

Here L may represent the inductance of coil L-1 in Fig. 133, the dts- 
trihut^d mductancc of the antenna being ignoied. C is the capacity of 
the antenna in microfarads. Some experimenteis let L represent the 
sum of the distributed and the concentiated iuductauce of the antenna 
circuit 

When small amounts of localized inductance arc required, as called 
for in the problem uuder consideration, formula (30) is more accurate 
for it takes into account the inductance of the ant-enna. 

X-59.6 V(Li + i„)Co 



La =-r^=low frequency inductance of the anteona. 

i<i=inductaDce of the loading coil at the base. 
Co=low frequency capacity oi the autenna Bystem. 

If, then it is desired to determine the value of L-1 for any given wave 
length we may transpose (30) 



which is formula (39) on page 49. 

Substituting the values given in connection with Fig. 133: 



13,703-21,227 cms. 



3552x0.000324 
j, L, 41,110 



In other words it requires but 20 microhemies to raise the wave len^h 
of the antenna in Fig. 133 to x = 200 meters. 

Before we can determine the magnitude of L-2 in Fig. 133 some value 
must be assigned to the condenser C-2. Because of the short mve length 
and high frequency of the circuit C-2 can be dispensed with, aa the dis- 
tributed capacitance of the coil, i.e., the capacitance between turns, is 
sufficient to establish resonance. Such a circuit will function par- 
ticularly well when a vacuum tube detector is used aa it will inovide a 
maximum potential difference across the input terminals (rf the detector. 



>dbyG00glc 



Receiving Apparatus 



171 



However a small variable condenser across the secondary is of some 
advantage in eliminating interference. Hence in this problem we will 
assign to C-2, a maximum value of 0.0001 mfd. and calculate the value 
of L-2 for 200 meters. This is a circuit with lumped values, therefore 

X=59.6 VTC (formula (23) page 40) 

and 

^= ->va r (formula (33) page 45) 



■r=112,612 cms. = 112.6 mierohenriea. 




condenser BuitHble for tunintl purpons is reoaivinc apparstiu. 



CALCULATION OF rNDUCTAHCE.— We now desire the dimensions 
of a primary and eeeondary coil to have inductance of 21.1 and 112.6 
microhenries respectively. 

Nagaoka's formula (40) on page 54 isappUcable. Itishere repeated. 



ij=inductance in cms. 
QoDiean radius of the coil in c 
b=equivalent length of coil in 
Ti'^ total number of turns 



K = ft factor var3ring as -r 
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As shown on pages 62 and 63, this formula may be transposed to give 
the value of n if the length of the coil and its diameter are first decided 
upon. (Note formula (42) page 62). But since tuning coils are wound 
closely, the problem may work out so that the pitch of the winding is 
less, or perhaps greater, than the overall diameter of the wire, A series 
of tedious trisi computations would be necessary to effect a close winding. 

It is about as practical for the amateur experimenter to assume a 
coil of a certain mean diameter, of a certain length and a definite number 
of turns, and then to make trial computations with formula (40) and see 
how near the result comes to the desired value.* 

After working out a few problems of this kind, the designer will be 
able to approximate the dimensions of a coil for a given wave length. If 
the coil 18 too long it can be reduced to the desired number of turns. 

The possible wave length range may be checked up aocurately by a 
wavemeter as explained in chapter XI. 

In the particular problem under consideration, we will make the 
primary coil L-1. 3!^" m diameter. The secondary L-2 will be 3' in 
diameter wound with No. 30 d.s.c. The primary will be wound with 
12 turna of No. 26 d.s.c. The following data obtains: 

From the table Fig. 37, the diameter of No. 26 d.s.c. =0.022'. 
Hence, length of the coil =0.022 X 12 =0.264* X2.54 =0.6705 cms. 



From the curve Fig. 27, K =0.186 (approx.). 



-X0.167=27,970ci 



From the above trial computation we see that less than 12 turns of 
No. 28 d.S-C. are required to raise the fundamental wave length of the 
antenna in Fig. 133 to 200 meters. It is well to have a few extra turns 
in order to locate the exact point of resonance. The correction term of 
formula (41) page 57 has not been applied to the problem above. . The 
method outlined in connection with the transmitter problem may be 
followed if this correction factor is to be applied. The results obtained 
by formula (40) are sufficiently accurate for amateur working. 

We must next determine a secondary coil to have inductance of 112.6 
microhenries. We will place 30 turns of No. 30 d.s.c. wire on a tube 3' 
in diameter. 

From the table Fig. 37, the diameter of No. 30 d.s.c. =0.015'. Hence, 
length of the coil = 30x0.015 = 0.45''x2.54 = 1.14 cms. 

'A fsirly rapid method of lalculstii 
pages 2B6-SV2 in "Radio luBlnuneiiU ai 
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a=3.Slcms. 

b=1.14 cms. 
2a-7.62 cms. 
2o 7 62 „„ 

From the curve, Fig. 27, K = 0.2685 
Hence, 

L=39.47x-^^^^^X0,2685 = 121,401cm8. = 121 microhenries. 

While this exceeds the value desired — 112.6 microhenries; a few extra 
turns are desirable. 

The experimenter will now observe that a tuning transformer for 
operation at 200 meters has very small coils. In fact, the primary and 
secondary windings are less than J^" in length in the problem just pre- 
sented. The experimenter who uses tuning coils 5' to 6" in length for 
reception at the wave length of 200 meters, should contrast his tuner 
with the one just designed. 

The question whether all of the antenna inductance should be in- 
cluded in the transformer primary is mainly a mechanical one. For 
very long wave lengths the transformer coils become unwieldy if made 
of single layer windings. If all the turns are in the primary an end-turn 
switch should be provided to cut off the unused turns. 

It is also more feasible for long wave lengths to use a secondary load- 
ing coil mounted separate from the transformer secondary, 

RECEIVING TUNERS FOR VARIOUS WAVE LENGTHS.— The 
table in Fig. 134 has been prepared to aid the busy experimenter in find- 
ing the dimensions of tuning coils suitable for definite ranges of wave 
lengths. The data in this of most interest to the amateur are the dimen- 
sions of the secondary coils and the possible wave length with a definite 
capacity in shunt. 

It is difficult to give the dimensions for the primary coils unless the 
inductance and capacitance of the antenna with which they are to be 
used are definitely known. The table gives the wave lengths of primary 
circuits, with coils of different dimensions connected in series with 
antennae of 0.0004 mfd. and of 0.001 mfd. capacitance. The capacitance 
first mentioned is an average value for the amateur's aerial. The value 
of 0.001 mfd. is a fair average for large aerials, like those aboard ship or 
at land stations where the flat top varies in length from 200' to 400', In 
the computations for the table of Fig. 134, the distributed inductance of 
the aerial was ignored, and the wave length formula for lumped circuit 
used, i.e., the antenna was treated as a simple closed circuit. 

The wave length of the secondary has been computed for two capaci- 
ties in shunt, one of 0.0001 mfd. and the other, 0,0005 mfd. With 
vacuum tube detectors it is rarely permissible for maximum signals to 
use more than 0.0005 mfd. in shunt to the secondary. In fact better 
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signals are generally obtained with smaller capacities. With crystal 
detectors, secondary capacities up to 0.002 mfd. may be used. 

The thirteenth and fourteenth columns of Fig. 134 show the possible 
wave length range of the secondary coils at two capacities which really 
represent the lower value and the upper value of a shunt secondary 
condenser of about 0.0005 mfd, maximum capacitance. It is assumed, 
of course, that for ranges of wave lengths shorter than those obtainable 
with the maximum number of turns, the primary and secondary coils 
will be tapped at intervals. 

Theeecondary coils may be conveniently tapped every kalf-inck while 
the primary should be fitted with a "units" and "tens" switch described 
in a par^raph following. 

Design No, 3 in Fig. 134 is suitable for the 2500 meter time signals 
from Arlington. It will be noted from the data that the primary is 5" 
in diameter, 4" long, wound with 152 turns of No, 24 d.s.c. An antenna 
loading coil, of exactly the same dimensions, is connected in series with 
the antenna circuit. The secondary coil is 4' in diameter, 8' long, 
and wound with 424 turns of No, 28 d.s.c. With -the average amateur's 
antenna (0.0004 mfd.) the primary coils will raise the wave length to 
2500metera, and with larger antennae to 4000 meters. With 0.0005 mfd. 
in shunt, the secondary will respond up to 3600 meters and at some 
lesser capacity to 2500 meters. 

Design No. 6 in F^. 134 is also suitable for the receptioo of the 
tiTne signals. Design No. 1 is suitable for wave lengths between 600 and 
1600 meters, although, as the data shows, longer wave lengths can be 
tuned in. In design No. 5, observe that both primary and secondary 
loading cmls are employed. With primary inductances of the dimen- 
eions given, the primary circuit will respond to 14,000 meters with an 
antenna of 0-001 mfd. Should the amateur wish to tune to a wave 
length in excess of 14,000 meters, he may place a small variable condenser 
in shunt to the primary inductance, or across both the primary in- 
ductance and the loading coil. 

Design No, 7 is particularly applicable to the reception of 600 meter 
waves, although, as the table shows, longer wave lengths can be tuned in 
with a coil of those dimensions. 

LORENZ INDUCTANCE FORMULA.— The inductance of the coils 
in Fig. 134 was calculated by Lorenz's formula, but the Nagaoka formula 
(40) page 64 may be used. A correction term should be applied to the 
Loreaz formula, but it was not used in the data obtained in the table of 
Fig. 134, The correction formula (41) page 57 originally given in con- 
nection with the Nagaoka formula is correct for the Lorenz formula. 

Lorenz's formula for the calculation of inductance is as follows: 

l.=ati^K (57) 



Where 



L— inductance in cms. 
a=iiietiD radiuH of coib in cms. 
HBtotal number of tutaa 



K—tk factor varying tu 
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where 6 is the length of the coil. Values of K for -7- appearin Fig. 135. 

To illustrate the use of Lorenz's formula, assume that we have a 
tuning coil 5' mean diameter, 4' long, wound with 152 turns of No. 24 
d.s.c. wire. What is the inductance? 

Remembering that 



1-5.-1.25 
and from the table, Fig. 135, 

Hence, 

L=6.35X152'X15.7 =2,303,347 cma. 

We may then calculate the wave length of the primary circuit with an 
aerial of 0.0004 mfd. 
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Fia.lSS. Values of £ in Lomu'sinducttmce formula for the ratio ^. 

We will use the formula for lumped circuits and ignore the distributed 
inductance of the antenna. 

X=59.6 VTC 
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Then 

X=59.6X V2,303,347XO.00O4 = 18O0 meters (approx.) 
For a capacity of 0.001 mfd., 



X=59.6X ■*'2,a03 ,347X0.001 =2850 meters (approx.) 

The wave length of the closed circuit may be computed in the same way. 

When he learns to use the above formulae, the amateur may firat 
measure the inductance and capacitance of an antenna by the process 
described on pages 297 to 299, and afterward determine the amount of in- 
ductance required in the primary and secondary circuits to obtain any 
desired wave length. The problems of finding the correct dimensions 
for the primary inductance of the tuning transformer, and the propor- 
tion of turns assigned to the primary and to the loading coil resolve 
themselves for solution simply to matters of space and convenience. 
Ordinarily the primary coil is made about the same length as the second- 
ary coil, although this is not absolutely necessary. 

The same remarks apply to the secondary circuit, A secondary tun- 
ing coil more than 10* or 14" in length becomes unwieldy and if one of 
such dimensions does not possess sufficient inductance to give a desired 
wave length, a loading coil must be included in the circuit. 

Here is a good design for a receiving set to operate at wave lengths 
from 4,000 to 18,000 meters. First construct a coupler of the correct 
dimensions for response up to 3,000 meters. Then, construct primary 
and secondary loading coils, fitted with multi-point switches and ap- 
propriate cut-off switches, of the proper dimensions to permit whatever 
upper wave length is desired. 

Although it is possible to design a single receiving set that will respond 
to all wave lengths from 200 to 20,000 meters, such a design necessitates 
the use of end turn switches for cutting off the unused turns from the 
circuit (as otherwise appreciable losses will occur) and therefore compli- 
cates the construction. 

The author prefers two sets, one for the range of the shorter waves 
and the other for the longer waves. The first set should respond to 
waves between 200 and 3,000 meters and the second should respond to 
waves between 4,000 and 18,000 meters. The first set covers the wave 
lengths of all spark stations from the 200-meter amateur transmitter to 
the 2,500-meter time signals from Arlington. The second set covers all 
wave lengths from undamped wave high power stations, using arc trans- 
mitters, high frequency alternators, etc. 

CAPACITANCE OF A VARIABLE CONDENSER.— The foUowing 
formula applies for a variable condenser of semi-circular plates. 
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Where 
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n= total number of parallel plates 
ri= outside radius of plates 
ri=inner radius of pkt«a 
r= thickness of dielectric 
K = dielectric constant 
C'capocitanoe in microfarads for the positio 



of maximum capacitance 



The capacity of such a coadenser for other positions is proportional 
to the angle through which the plates are rotated. 




Fio. 130. Dedsn of ■ nmple iiidiictiTely cDupied 



COTJPLIHG. — It makes no difference whether the primary slides 
into the secondary or vice versa. Ordinarily the primary is set in a 
etationary position and is given a larger diameter than the secondary. 
The secondary coil is mounted on rods extending through its center which 
are supported by uprights on the base of the coupler. The rode rest on 
bushings mounted in the ends of the coupler wfcuch act as bearing sur- 
faces and as means of connection to the movable secondary coil. A 
general idea may be obtained from Fig. 136. At B are two bushings 
inserted in wooden or hard rubber discs set in the ends of the coil. The 
rods R are supported by the uprights UU, the rods terminating in binding 
posts for external connection to the secondary. The bushings mounted 
in the secondary head are connected to the terminals of the secondary coil. 

The tuner should be designed so that the used turns of he primary 
and secondary are in direct inductive relation. The necessity for this is 
apparent from Fig. 137. When the primary and secondary switches are 
set as shown in that figure, the used turns of the primary are those be- 
tween A and B; and of the secondary those between C and D. If the 
used turns between A and B for the shorter range of wave lengths, are 
on the opposite end of the primaiy, then when the necessary coupb'ng 
for an effective transfer of energy is obtained, the unused turns of both 
windings will overlap providing undesirable electrostatic coupling between 
them. This may prevent sharp resonance at some wave lei^DS 
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Following Fig. 137 in detail: The secondary inductance is varied by a 
simple multi-point switch. Some amateurs take off taps every 10 or 15 
turns. Resonance between taps is established by the shunt secondary 
condenser C-l. 
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The plan of Fig. 137 appeals to the amateur who does not care to 
go to the expense of a "tens" and "units" switch for the primary coils. 
The number of turns in the aerial tuning inductance is varied by a simple 
plug contact switch, while the primary has a simple multi-point switch. 
The primary coil is tapped, at about every 10 turns. Resonance to any 
wave length occurring between the primary taps may be secured either 
by shunting the primary with a variable condenser, or by placing a. 
variometer in the antenna circuit. Considerable tuning between taps can 
be effected by change of coupling between the primary and secondary coils 
alone. 

If the detector in Fig. 137, is a carborundum rectifier, the battery B 
should have an e.m.f. of 4 volts. The potentiometer P is one of 400 
ohms. Condenser C-2 may be one of fixed capacity — some value between 
0.002 and 0.005 mfd. The telephones should be of 3000 ohms resistance. 

The beginner should study the practical application of the foregoing 
inductance and wave length formulae and make several calculations of 
the possible wave lengths with various coils. This will instill in his mind 
a rebtive sense of the dimensions of inductances for various wave lengths. 
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He win then be able to account for some of the ludicrous deeigns found 
in the experimental station, many of which were worked out on a "guess 
work" ba^is. 

It is true that the experimenter may build up primary and secondary 
coils of almost any dimensions and then determine the correct values for 
different wave lengths by "tuning in" transmitting stations whose wave 
lengths are definitely known. Turns may then be added to the coil or 
taken off to meet the requirements. The better way, however, is to 
predetermine the dimensions as this saves both labor and material. 
Such calculations have a certain educational value that cannot be ignored. 




"TENS" AND "UNITS" SWITCH.— The use of a sliding contact 
on tuning coils for inductance variation is not recommended for, with 
continual use, the turns will be cut through, adjacent wires pushed into 
direct contact, and the result will be a short circuit. Unless a variable 
condenser is placed in shunt with the primary coil or in series with the 
antenna a switch must be provided that will permit the antenna induct- 
ance to be varied by a turn at a time. Such variation may be secured by 
thfe combination of a "units and a tens" switch. The use of "units" 
and "tens" switches is shown in Fig. 138, where switch 5-2 cuts in ten 
single turns on one end of the primary coil. The switch S-l cuts in ten 
turns in a group. Thus to cut in 37 turns in the primary, S-2 is placed 
on the contact stud marked 7 and S-l on the contact stud marked 30. 
If three turns are required for lesonance with a distant station, S-l is 
set at zero and jS-2 on the tap marked 3. If a coil of 410 turns, for 
example, be employed, the first 10 turns should be connected to the 
switch S-2 and the remaining 400 divided between 40 taps on S-l. 

END TURN SWITCH.— As we have said, the unused turns of 
primary and secondary coils (when the maximum number of turns are 
not used) should be cut off as otherwise considerable energy losses are 
introduced into the circuit. This loss la occasioned by the seif-capaeily 
of the coil; that is its capacitance between turns, which may give it a 
defined period of oscillation so that the unused turns will absorb energy 
in a way that may be compared to coupled primary and secondary cit- 
cuits. If the unused turns are disconnected from the used turns the 
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losses from this source are reduced and a more efficient set is the result. 

The position of the end turn switches in the circuit of a tuning coil is 
shown in Fig, 138. The breaks marked A B, C D, E F, connect to 
brushes on the end turn switch of Fig. 139. These breaks are located at 
points convenient to the range of wave lengths over which it is desired to 
work. 

Assume that the primary coil in Fig. 138 applies to a tuner to be 
operated at wave lengths up to 3,000 meters. The turns to which the 
taps on the "units" switch are connected should be in direct inductive 
relation to the used secondary turns. The break at E F should be placed 
Bo that the first group of turns will resonate at some wave length just 
above 200 meters, say 225 meters. The next break C D should be located 
to include a sufficient number of turns between the end of the coil and 
the point D so that the circuit will resonate to some wave length slightly 
above 600 meters, let us say about 700 meters. 



FiQ. 13S. Shi 




A sufficient number of turns should then be included between break 
C D and break A B so that the antenna circuit will resonate at wave 
lengths up to 1,100 meters. The last group of turns ehould then add 
enough inductance to the complete primary circuit for it to resonate at 
the wave length of 3,000 meters. It is now evident that the first group 
of turns covers amateur wave lengths, the second group, commercial wave 
lengths up to 600 meters, the third group, Naval wave lengths up to 1 ,000 
meters, and the last group enables the tuner to respond to the time 
signals at 2,500 meters. 

This switching arrangement can be applied to tuners having greater 
numbers of turns. The signals are sometimes increased 20% by cutting 
off the unused turns in the circuit. 
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Explaining the end turn switch in Fig. 139, bruBhes A B,C D, E F, 
are connected to the interruptions in the winding of Fig. 138. 8-2, 
S-3 and S-i are copper segments mounted on a hard rubber drum which, 
in turn, is mounted on a shaft rotated by the knob shown at the left of 
the drawing. This same shaft carries the blade S-l of the "tens" switch, 
which makes contact with the studs leading to the taps brought from 
the primary winding. The switch S-'z in Fig. 138 is mounted separately 
from S-l and usually beside it. When the segments 5-2, SS, S-i are 
placed as in Fig. 139, the switch S-l must be turned counter-clockwise 
to increase the inductance. The taps at the bottom of Fig. 139 (ex- 
tending from coils 1, 2, 3, 4) lead to the studs on the "units" and "tens" 
switches. 

CONSTRUCTION OF "TENS" AND "UNITS" SWITCH.— 
R, Neupert of Pennsylvania has shown the design for a "tens" and 
"units" switch given in the drawings, Figs. 140, 141, and 142. The gen- 
eral idea of the design is more readily understood from the side view in 
Fig. 140. Switch X is the "units" switch, switch Y is the "tens" switch 
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Fm. 142. Details uid dimenuooi of tbe "ead-tum" svitcb of Figs. MO and 14 



Digitized by CjOOQIC 



184 Wireless Experimenter's Manual 

and both are mounted integrally. The front view appears in Fig. 141. 
Fig. 142 gives the dimensions and details for construction. . The dimen- 
sions must, of course, be altered if the coil used necessitates a greater 
number of taps. 

Note in the side view of Fig. 140 how the blade of switch X presses 
against a brass ring held in place by two or three machine screws. The 
end of the blade is bent as shown to make contact with the ring. A lead 
extends from this ring to a binding post on the outside of the tuner. 
Connection to the switch Y is made through a brass lever upon which it 
is mounted. The switch blades are preferably made of spring brass or 
phosphor bronze. Good contact for the switch blade Y is assured by the 
spring K mounted on the supportmg rod This is made of a piece of 
metal, cut as shown, with the edges bent over If a variable condenser 
is placed in shunt to the primarj coil it may be found practical to in- 
clude as many as two turns in each contact of the switch X; otherwise 
adhere to the connections outlined above 

The wiring diagram of Fig. 141 lacks a ' zero ' stud for the "tens" 
switch. One should be connected in the circuit according to the wiring 
diagram of Fig. 138. 




VARIOMETER.— This instrument affords a means of obtaining a 
continuous variation of inductance and is therefore useful in radio fre- 
quency circuits. The principal advantage that the vanometer has over 
the ordinary variable inductance is its absence of sliding contacts or 
complicated switch mechanisms. 

The construction of a variometer for a small range of inductance 
variation is shown in Fig. 143 where a stationary cod A mounted inside 
a wooden frame is in inductive relation to a second coil B rotatable on 



d^'Googlc 



Receiving Apparatus 



185 



an axis. The two coils are mounted concentrically and connected in 
Beriee. When the inner coil is turned so that its axis coincides with the 
axis of the outer coil and the current circulates through both windings in 
the same direction, their magnetic fields add and the self induction of 
the variometer is maximum. If the inner coil is then turned 180°, the 
current circulates through the two coils in opposite directions, their 
magnetic fields oppose and the self induction of the unit is a minimum 
or nearly zero. When the inner coil bears any other angle to the outer 
coil the self induction is a function of the angle of rotation. 

It is not customary to design variometers of the type shown in Fig. 
143 to give a large range of inductance variation. In this case multi- 
layered coils or coils of large diameter are called for. Single layer coils 
are generally used , the variometer as such being employed to give small 
ranges of inductance variation. 



Fio. 144. CoDBtructi 




The variometer, for instance, is useful in the antenna circuit of 
Fig. 137 where only a multi-point switch and a plug contact switch are 
used to vary the antenna inductance. In this case it affords close tuning 
between the taps on the tuning coils. 

The design of Fig. 143 is rather elaborate but a less expensive type 
of variometer as the one shown in Figs. 144 and 145, is almost equally 
suitable. The inner and outer coils are wound on concentric cardboard 
tubes one of which may be rotated on an axis as shown. The details 
of construction are as follows: Two cardboard tubes, one 6" in diameter, 
the other 5" in diameter and each 2" in length, are wound with a single 
layer of No. 24 s.s.c. wire. A space of J^" is left in the middle of ths 
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windingB to pass the shaft. The same amount of wire should be placed 
on each tube and the turns should be thoroughly shellaced to prevent . 
them from loosening up. The inner and outer coils are connected as in 
Fig. 144. 

A hole is drilled in both sides of each tube to take a piece of \i' 
round brass rod, 8' in length. The inner tube should be fastened to the 
brass rod so that it will revolve with the knob. A pointer may be 
fastened to the knob to work over a scale as shown in Fig. 145. 
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If a greater range of inductance variation is required with the same 
size coils they may be wound with No 30 s.s.c. wire, instead of No. 
24 S.S.C. 

Two methods of using the variometer as a tuning dement in simple 
receiver circuits are shown in Figs. 146 and 147. The variometer V M 
in Fig. 146 is connected in series with the antenna circuit to provide close 
tuning. In Fig. 147 it is used both as a tuning and cou-pliTig element. 
The circuit is suitable for 200-meter reception, A lai^ range of wave 
length variation cannot be obtained from a variometer when used as the 
sole tuning element unless it be made very large and wound with a great 
number of turns. The circuit of Fig. 147 has been used for long .wave 
reception using a large variometer and a vacuum tube detector. The 
simplicity of manipulation is obvious. 

The dimensions and assembly of a ball type variometer like that in 
Fig. 143 is shown in the drawings Fig. 148, 149 and 150. 
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Fig. 148 is a plan view looking down from the top giving the dimen- 
eions of the ball and the support for the stationary coil. Both the sup- 
port and the ball are made of hard wood and are of courae, turned out on 
a wood-turning lathe. The ball for the inside winding measures 5' at 
its greatest difimeter, gradually tapering to SiKe" at both edges. Al- 
though the ball represented is hollow, it may also be made of solid wood. 
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The winding on the ball is left vacant at the center to allow the brass rod 
to pass through. If the variometer is to be used in the antenna circuit 
for short wave reception, each coil is wound full to the edge with No. 22 
8.S.C. wire. The supports for the stationary winding are turned from a 
solid, square piece of wood and are of course, gouged out on a wood- 
turning lathe. The two halves of the stationary frame may be held in 
position by screws set in from the top and base of the box or they may be 
strapped together by a brass strip. The support for the stationary coil 
and the ball should have a slight flange (not shown) to assist in holding 
the turns in place. 



1 , 




k^ 

-i-^ 




3 p 




i 


i 




1 


-1 -*-t- 




— 










,_, — ' 





FiQ. 146. Side view of the Toiiometer in Fig. 14S. 

The inside coil is mounted on a brass rod 8' in length, tapered at the 
bottom, where it rests on the brass bearing. This bearing may be made 
to suit the builder. The rod has a diameter of ?^'' from the end inserted 

■ in the hard rubber knob, for a distance of 2"; for the next 5H'. it has a 

■ diameter of J^" and is threaded as shown; for the remaining ^' ot J4' 
it has a diameter of ^^e", and is tapered at the extreme end. Lock nuts 
hold the ball for the inside winding in place. A 180° scale may be 
mounted on the top underneath a pointer. Pins should be placed at 
either end of the scale to limit the movement of the rotating coil. The 
inside coil is connected to the outside coil by flexible conductors. 

It is not difficult to place the turns on the inside of the stationary coil 
if the following instructions are heeded. Construct a wooden ball, split 
in the center which just fits inside the stationary coil. The object of the 
split is to permit a wedge to be driven into it. Wind the turae on the 
split ball and afterward cover the inside of the stationary support with 
two or three coats of shellac. Before the shellac dries, force the turns 
on the split ball into place and press them firmly against the ndes <A the 
stationary support by driving the wedge into the split. The wedges are 
kept in place until the shellac has thoroughly dried when th^ may be 
removed. It will then be found that the turns of the stationaty eou are 
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firmly placed. They should be given a further coat of shellac on the 
outside so there is no possibility of the wire comiug loose. 
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1 variometer of Fig. 148. 



One terminal of the stationary coil is connected to a binding post 
mounted on the top of the box. The other terminal of the stationary 
coil is connected to a brush which is in contact with the rod carrying 
the hard rubber knob. This rod also connects to one terminal of the 
ball winding, the second terminal of the ball winding being connected 




Fio. 150s. Clapp-Eutham type 
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to the second binding post by means of a flexible piece of cord. The 
stationary and rotary coils can also be connected in parallel with each 
other when small inductance values are required. 

CRYSTAL HOLDERS.^ Experimeotera have shown scores of designs, 
many_ of them ingenuous and providing very accurate adjustments for 
sensitiveness. The chief consideration in the design of a crystal holder 
is to provide means of obtaining a contact with any spot on the crystal. 
A contact with a variable tension is desirable with most crystals. 




Pia. IGl. DeMctor aUnd for urbonindum cryatale. 



A detector stand suitable for carborundum crystals is shown in 
Fig. 151. The crystal R is imbedded in a retaining cup C by means of 
Woods metal or some other readily fusable compound. The oppOBing 
contact is a steel phonograph needle mounted in a cup C-1 which is set 
off center on the arm A. The latter has a universal movement, as a 
sidewise motion is provided by the pivot and a "round an^ round" 
movement at the cup C-1. A spring tension may be provided tor the 
arm A but the details for this are not shown. The sketch of Fig. 151 
is drawn approximately to scale. 

B. B. Alcorn of New Jersey has shown an excellent design for the use 
of several crystals of which the details are given in Fig. 152 and are self- 
explanatory. The dimensions may be varied to suit the builder. The 
cups for the crystals are mounted on a brass or copper disc J-|' thick, 
fitted with a knurled hard rubber ring for turning the various ctyBtols 
into position. 

The supporting rod and overhanging arm are made of square brass 
rod. The method of supporting the phosphor bronze contact pomt 
deserves particular attention. 
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Daniel O'Connell of New York City lias developed a detector stand 
of the "cat whisker" type suited particularly to galena crystals. The 
details of construction shown in Fig. 153 are self-explanatory. The 
crystal is placed in a small glass tube between two "cat whisker" con- 
tact points mounted on rods supported by vertical binding posts. 



Hor^ robhmr At^t/»fing knob 
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Pte. 153. "CatwhiBker" detector (tuid. 
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There are several ways of providing an adjustment for this detector. 
The upright standards may have offset swivel joints on their tope to 
permit the "whiskers" being moved sidewise; the whiskers may be moved 
in or out; or the glass tube holding the mineral may be revolved until loud 
signals are obtained. If the mineral is so small that the tube permits 
too free a movement, it should be wound with tin foil until it fits the tube 
snugly. 
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Fio. 154. Detector stuid for bonilt« and u 



Fig. 154 shows a detector stand for zindte and bornite crystals designed 
by John E. Finn of New York City The large cup in which the ziacite 
crystals are imbedded with Woods metal is 1' in diamet€r, J^' deep. 
The other cup which is H" 'n diameter and J^" deep contains a single 
crystal of bornite shaved to a point. The remaining dimensions are given 
in the drawing. 
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Fia. 155. Detector holder for c 
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John Shaler of California regards the detector holder of Fig. 155 as 
particularly suited to crystals requiring light contact pressure The 
principal dimensions appear in the drawing. The material for construc- 
tion can generally be found around the amateur's workshop. 



m 1. 



Fio. I3<i. Detector sUud lor umveiBnl sdjiutmeD 



Fig. 156 shows a detector stand the arm of which is fitted with a ball 
joint to permit contact at points over the entire surface of a galena 
crystal. It was designed by J . F. Bernard of New York City, B Bis& 
brass ball %' in diameter, with a %' hole bored through the center. 
7* T is a brass tube of the correct diameter to slip inside the hole in the 
ball. The whisker is a^o. 30 copper wire. The ball is clamped between 
two uprights which are of exactly the correct tension to hold it firmly. 
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Fia. 1S7. Detector 1 



Another detector holder with a universal ball adjustment, designed 
by J. G. Stelzer of Michigan, is presented in Fig. 157. Tension is given 
to the contact point by the spiral spring E. Additional tension is pro- 
vided by the elastic arm supporting the ball joint and contact piece, 
through the adjusting screw A operated by the knob C, The finished 
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instrumeDt should have dimensions abcut 114 times tbose given in the 
drawing. A universal movement is provided by the ball W. 

ELECTROLYTIC DETECTOR. — A receiving detector which has 
rapidly fallen into disuse since the discovery of the sensitive crystals and 
vacuum tube amplifiers is the "whisker point" eleclrolytic responder, 
though this played an important part during the early days of wireless 
telegraphy in the United States. The essential elements of this de- 
tector are indicated in Fig. 158. 




Referring to Fig. 158; The upright binding post, M, has the extended 
arm B, through which is screwed rod A. This has a piece of platinum 
wire W, with a diameter varying from O.OOOl' to 0.000038' soldered to 
the lower end. This wire is known as "Wollaston wire" and was form- 
erly used for another purpose. It is coated with silver to permit easy 
handling. 

The fine platinum point dips into the glass cup C, which need only 
be large enough to hold eight or ten drops of a 20% solution of niinc 
acid — the electrolyte. In the base of the glass cup is placed a small sheet 
of platinum E, about ^-je' square, which is connected to the right hand 
binding post B by means of a connecting wire placed under the hard 
rubber base. 

The circuit for this detector is the same as that used with CM-bor- 
undum rectifiers. The local battery should be one of five or six volts, 
and should be shunted by a wire-wound potentiometer of 300 to 400 ohms 
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resistance. The telephones may vary from 75 to 2000 ohms, the import- 
ant thing ia that they be well constructed and sensitive. The positive 
pole of the local battery should be connected to the fine wire point of the 
detector. 

Two rules must be observed in order to adjust this detector to a 
sensitive condition. First, the fine wire platinum electrode must just 
touch the acid, in fact barely make contact with it; second, the silver 
must be removed from the platinum wire. 

The silver coating may be removed by one of three methods: First, 
an abnormal current from the local battery may be sent through the 
electrolyte with the platinum point slightly submerged. A hissing, 
grumbling sound will be heard in the head telephone which, after a 
period of two or three minutes becomes of less intensity. The current 
from the local battery should then bo reduced until a loud response is 
obtained in the head telephone from the buzzer tester. If the silver has 
been thoroughly removed, good signals will be obtained. The second 
method of removing the silver is to take the platinum wire and place it 
for a moment in a very strong solution of chemically pure hydrochloric 
acid, the point being removed at intervals and examined by the aid of a 
magnifying glass to determine the degree to which it has been "trimmed." 
When an extremely fine "whisker" is observed, the point is ready for use, 
and it should be dipped in fresh water to prevent further action of the 
hydrochloric acid. The third method is to heat a small amount of 
mercury over a Bunaen burner. If the platinum point ia dipped into the 
hot mercury, the silver will immediately be removed. 
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The amount of acid in the containing cup and the area of the surface 
of the lower electrode of the coil are unimportant, except that the upper 
point and the lower electrode should be separated no more than J^'- 

MARCONI MAGNETIC DETECTOR.— This detector offers some 
interesting possibilities to experimenters of a scientific turn of mind. 
Contrary to the belief held by some amateurs, it is rather sensitive par- 
ticularly at wave lengths around 2500 metere where it will give as good 
signals as a carborundum detector. The magnetic detector shown in 
Fig. 159 consists essentially of an iron wire band B {several strands of 
No. 36 insulated iron wire twisted in the form of a cable), with a total 
length of from 18" to 24", which is slowly drawn through the glass tube 
P by the ebonite or wooden pulleys, IT-l and W-2, which, in turn, are 
set in rotation by clock work or by a small direct or alternating current 
motor. The glass tube P is wound with from 6 to 10 feet of No. 36 
S.S.C. The bobbin S is wound with a number of turns of No. 36 e.s.c- 
wire such as will give it resistance of about 150 ohms. The head tele- 
phones joined across the terminals of S should have a resistance close to 
150 ohms. Immediately above the two bobbins of wire are placed two 
horseshoe magnets with like poles adjacent. These magnets generally 
have a spacing between their poles of about 1}^' and are placed at a 
distance of approximately K" to 1" from the band B. 
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The glass tube P is usually about 2" in length and ?^' in diameter. 
The bobbin of wire for the head telephone circuit has a diameter of IJ^' 
and an overall width of J-^". 

When the band B is set into movement by the clock-work some parts 
of it are magnetized as they approach the south pole of the m^net, and 
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accordingly are demagnetized when approaching the north pole of the 
ma^et; however, the change Df flux does not take place on any part of 
the band as it is directly under a magnetic pole, but is effected at a point 
beyond, and the final result is that the iron band exhibits marked hyster- 
esis which cause it to be susceptible to changes of magnetic flux when 
excited by radio frequency currents. When high frequency electrical 
oscillations flow through the winding P for each group, a momentary 
change of the flux takes place, which in turn induces a current pulse in 
the coil S, creating a single sound for each wave train. 

The "plain aerial" circuit for the magnetic detector is indicated id 
Fig. 160, in which an aerial tuning inductance L-1 is joined in series 
with the primary winding of the detector P. The circuit then continues 
to the earth connection E. As indicated by the dotted lines a variable 
condenser C-1 is sometimes connected in shunt to the antenna coil P. 
With this circuit it is only necessary to tune the antenna to the distant 
transmitting station, to secure an audible response. 




Fio. 161. CircuilB oC Uib i 



mafnetic detector - 



For sharper resonance effects the multiple tuner circuits shown in 
Fig. 161 are preferable. The intermediate circuit of this tuner comprises 
the windii^ S in inductive relation to the primary winding P, the variable 
condenser in shunt C-2, and the second coil P-1 which is in inductive 
relation to 5-1 . The secondary circuit then continues through the 
variable condenser C-1 to the primary winding of the magnetic detector. 
Since this detector is a "current-operated" device the secondary coil jS-1, 
must have comparatively low values of inductance and resistance. For 
example, IS turns of No. 18 bell wire wound on a form 4" in diameter 
provide sufficient inductance for waves up to 2600 meters. Litzendraht 
wire is preferred , In this circuit the variable condenser C-1 is an active 
part of the oscillatory circuit and the wave length can be changed over a 
considerable range by variation of its capacity. Usually a condenser of 
about 0.005 or 0.01 mfd. is employed at this point. 
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The primary and intermediate circuits are wound with the aizeo of 
wire commonly employed in receiving tuners. 

THE FILINGS DETECTOR.— During the past three or four years 
a new form of crystalline detector, modeled somewhat after the onginal 
Marconi' coherer has appeared in the amateur market. It consists 
essentially of a cartridge C, Fig. 162, in which are placed two brass li^, 
D and E, which fit snugly into the inside of the cartridge. The space 
between the two brass lugs is filled with a mixture of scrapings or filings 
taken from some of the well known crystal rectifiers. The manufac- 
turers are generally reluctant to give the constituents but good results 
have been obtained with mixtures of galena and silicon filings to which has 
been added a alight amount of brass and nickel filings. In fact it is 
possible to use the scrapings of any of the crystalline detectors known 
to-day. The brass lugs are separated by a distance of about K' and 
the intervening space half filled with a mixture of filings. The cartridge 
is then sealed up tightly and in some cases exhausted by a vacuum pump. 
The detector is then connected in the circuit of an ordinary receiving 
tuner in the standard manner and the tube revolved by hand until a 
"sensitive" adjustment is found, 




In order to facilitate the finding of a sensitive point, a buzzer tester 
is employed, one terminal of which is connected directly to a terminal 
of the detector. When the buzzer is turned on certain of the filings will 
cohere and thus automatically locate a sensitive point of rectification. 
It is rather difficult to state off-hand just how these detectors operate, 
but it is probable that the action is no different from that in an ordinary 
rectifying mineral; however it may be that with so many filings in con- 
tact a sensitive point of rectification is more readily located than by the 
ordinary means. 

Some detectors of this construction are iound to have a rather low 
value of resistance and consequently, are used in a "series" tuning cir- 
cuit like that used with the magnetic detector. It then becomes neces- 
sary to change the usual type of stopping condenser of fixed capacity to 
one of variable capacity for it is now an active element of the oscillation 
circuit. 

It has been found that certain mixtures of filings require a rather high 
local e.m.f ., much in excess of that called for by crystals of zincite, boni- 
ite, etc. 
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PRIMARY CELL DETECTOR.— Another form of the electrolytic 
detector which is sensitive and fairly reliable in operation is known as 
the primary cell detector or the "Shoemaker Electrolytic." It not only 
performs the functions of a detector, but has the added property of 
generating its own local e.m.f.; in fact it is really a small chemical bat- 
tery constructed so it can be used as a radio frequency oscillation detector. 




Base 



The details of the device appear in Fig. 163. To a hard rubber base 
are fitted two upright binding posts S, and the hard rubber or glass cup 
R, having a capacity of about four or six ounces of electrolyte. The left 
hand element of the cell is a small piece of amalgamated zinc about one- 
third the size of that usually employed in wet cells. The right hand 
element is a small platiuum electrode having a diameter of 0.001' or 
0.0001 " sealed in glass, with only the tip of the wire exposed to the acid. 
The electrolyte is a 20% solution of sulphuric acid in which the two 
elements are immersed. A click is heard when a telephone is joined 
across the two terminals of the primary cell, indicating that an e.m.f. is 
being generated. In fact, such cells have often shown an electromotive 
force of 0.5 volt. 



THE USE OF A LOCAL BATTERY.— The carborundum rectifier, 
requires a local battery for best response. The sensitiveness of the 
zincite-bornite detector is improved by a slight local e.m.f. of a small 
fraction of a volt. Some crystals of galena give increased response 
with a small e.m.f. applied in the proper direction. 

The primary cell detector generates its own local e.m,f. The mag- 
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netic detector requires no local battery, as its source of "local enei^" 
is the clock-work for rotating the iron band. 

HEAD TELEPHONES.— The telephone magnets should have a 
great number of turns when they are connected in a detector circuit of 
high resistance. This demands magnet coils wound with fine wire which 
necessarily possess a high resistance. So-called "current operated" 
detectors require the use of low resistance telephones. The magnetic 
detector, for example, demands telephones of 150 ohms while crystals 
and vacuum tubes call for telephones of two or three thousand ohms. 

Some advantage is gained by the use of light weight telephone dia- 
phragms whose natural period of vibration corresponds to the spark 
frequency of the transmitter. 

The so-called "mica diaphragm" telephones* known as "ampli- 
phones" and by other trade names, are particularly sensitive. Certaia 
types will give 10 times the strength of signals obtained from ordinary 
telephones. The increase in the strength of signals is very marked and 
they are recommended to all experimenters who wish the best results 
from their apparatus. 

POTENTIOMETERS.— Wire wound potentiometers of various types 
are in use. Such a potentiometer can be made by winding a sufficient 
number of turns of No. 32 resistance wire on a square or round rod to 
give a total resistance of 400 ohms. A sliding contact bearing on a semi- 
circular piece of graphite or carbon of the requisite resistance is satisfac- 
tory. A number of small buttons of carbon having resistance of 20 ohms 
each may be mounted on the studs of a circular multi-point switch and 
connected in series. The blade on the switch is the "potential divider." 

BANKED COILS FOR RECEIVING TUNERS.— From the designs 

for single layer solenoids already given, it is evident that long wave 
length tuners require very large coils which are undesirable for purely 
mechanical reasons, such as space considerations, etc. So-called "bank" 
windings provide large values of inductance with relatively smtdl coils I 
and are widely used particularly for reception at long wave lengths. 

In regard to the use of stranded and solid conductors for tuning coila 
_R_ 
R, 

ductors consisting of a considerable number of very fine insulated wires, 
is less for moderate frequencies than for a similar coij of solid wire. 
{R, in the above expression is the resistance of a conductor to a given 
frequency n, and Ra is its resistance to direct current.) 

For every coil of stranded conductor there is a critical frequency 
above which the stranded cable has the larger resistance ratio. The 
critical frequency becomes higher as the strands become finer, but for 
conductors made up of several dozen strands of say, No. 40 wire, the 
critical frequency is usually above the range of frequenciea ordiniinly 
employed. 
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Stranded conductors known as "Litzendraht" are widely used as 
tuning coils. In the case of tuning coils wound with stranded conductor, 
the resistance ratio is always greater than for a straight conductor. At 
high frequencies the ratio may be two or three times as great, particularly 
for very short coils. 

Banked coils for moderate radio frequencies are preferably wound 
with stranded conductor. For very high frequencies around the 200- 
meter wave length a single layer solenoid wound with solid wire will show 
smaller losses than a coil of stranded wire. Banked coils are not essential 
at wave lengths below 1000 meters 

The reason for banking the turns of a multi-layer coil lies in the fact 
that the capacitance between layers of the ordinary multi-layered 
solenoid is excessive. This capacitance gives the coil a tendency to 
oscillate at some particular frequency and moreover introduces large 
dielectric losses. In banked coils instead of winding on a complete layer 
followed by successive similar layers, one turn is wound successively in 
each of the layers. The maximum voltage between adjacent wires is 
thus reduced and accordingly the distributed capacitance. 

The order of placing the wires on a two-bank coil is as follows: 



3 6 7 g 11 13 15 
1 2 4 6 S 10 12 14 
For a three-bank winding: 

6 9 12 15 IS 

6 4 8 11 U 17 

1 2 3 7 10 13 16 
For a four-bank windii^: 

10 14 IS 22 ( 

8 9 13 17 21 

7 6 6 12 16 20 

1 2 3 4 11 15 19 

The form on which such coils are wound should be threaded so that 
the wires will stay in place during the winding process. The turns are 
wound on by hand. This is a painstaking job and in order to do it 
rapidly requu^s some experience. 

Let UB assume that the amateur does not possess "Fitzendraht" 
wire and desires to make up a banked coil for long wave lengths. The 
inductance of such a coil can be calculated to an accuracy of 5% to 9% 
by Nagaoka's formula (40) making "a" the average radius of the 
bftuked coU. 
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Assume a coil 6' in length, 5' mean diameter (including the two 
layers), wound with two banks of No. 28 d.s.c. wire. Each layer will 
have 53X6 = 318 turns, and two layers, 2X318 = 636 turns. Hence, 



« =0.728 
L-39.47X "Ti^ ' p - X0.728=30,778,356 ema. 



Although this coil is but 6' long, when shunted by a ca[>acitance of 
0.0005 mfd. it will resonate at 7500 meters. Hence, if the saving of 
space is a factor, the amateur should use two or three bank wmdings. 
The experimenter may now work out for himself the dimensions of banked 
coils which will permit tuning to wave lengths up to 18,000 meters. 
Litzendraht wire should be used if it can be conveniently obtained. 

Let it be thoroughly understood that the object of banking the turns 
is to reduce the distributed capacitance of the coil. As already explained 
a simple multi-layered coil possesses excessive values of dis^buted 
capacity. 



NOTE TO EXPERIMENTERS 



IN the fon<nring chapters a number of circuit diagrams for the use at the 1 
V. T. in transmittiag and receiving circuits are shown. It is to be noted. Hut in Ou 
majorit? of simple detection circuits the gtiA leak of tiie detector bulb is eonoMted 
from the grid to the positive side of the "A" battery; whereas, when die valves are naed 
as amplifiers, the grid leak is connected from the grid to the negative dde at the lOa- 
ment battery. These methods of connection have been found the best tor tha Marconi 
V. T., although they may not hold good for other types of bulbs. Conmsctiiii the grid 
leah from the grid to the positive side of the "A" battery gives ttie grid a rfi|^tp(Milive 
potentialwhicbgivesbettersiguals whenahard bulb is usedasa detector. laamfbtjiBg 
circuits it is usually desirable to hold the grid at a slight negative potentiBL TUa can 
be obtained either by use of the grid condenser wiOi the grid leak connected to the 
negative side of the "A" battery, or by means of a grid battery of abont IH vcflts. 

The grid battery provides a slightly easier method of adjusting flie frtd potential 
fiian the grid leak and grid condenser, but the latter method is quite aatisCutocj. If 
tte experimenter possesses other bulbs than the Marconi V. T., he sbodU ttj eoo' 
r acting the grid leak to the negative and to the positive «de of the "A" batteij and 
tteo, of course, leave it wbere it gives the best results. 

Marconi V. T.'s of the soft type (known as Class I) require tiist the gdd I«sk be 
connected first to the negative side of the "A" batter; and then to the positivs tUe, 
the coonectiMt being left wj^ere the best signals are secwed. (Sm slso note it 
appfsttix.) 
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CHAPTER Vn 

THE VACUUM TUBE DETECTOR AND AMPLIFIER- 
CIRCUITS FOR DETECTION OF DAMPED AND 
UNDAMPED WAVES-CHARACTERISTICS 
OE THE MARCONI V. T. DETECTOR- 
PREFERRED CIRCUITS FOR 
THE MARCONI VALVE 



TYPES OF VALVES.— It is safe to say that no instrument or ap- 
paratus employed in wireless telegraphy and telephony is susceptible to 
8o many uses as the vacuum tube. It is not possible in the space at 
hand to cover the subject exhaustively, but an effort will be made to 
explain the working of the valve circuits considered most feasible for the 
amateur station. 

The field for experimentation is almost without limit. Hundreds of 
circuits have been devised. Although many of these appear at first 
sight to be different from others they are really identical except that the 
component parts of the system are arranged in a different way in the 
circuit. 

The vacuum tube may be used as a plain detector, as a radio or audio 
frequency amplifier, as a self-amplifier, as a "beat" receiver or as a generator 
of continuous oscillations for radio telegraphy or telephony. The three- 
electrode valve is also used as an amplifier in land line telephony. It 
has been employed to control the voltage of a dynamo and there are 
many other uses to which it may be put. 

The first important discovery was made by Fleming whose two- 
element valve has been used commercially for a great number of years. 
Deforest inserted a so-called grid element between the filament and plate 
of Fleming's valve and increased its sensitiveness. Armstrong was the 
first to show the operating characteristics of the three-electrode valve 
and his adoption of the regenerative principle marked a distinct advance 
in the art. Weagant contributed the three-electrode valve with the 
external grid element, and, finally, the four-electrode valve with an 
iniemal unconnected grid element and an outside electrostatic control 
element. Donle has recently devised a tube with the grid and filament 
placed inside the bulb and the plate element on the outside. 

All of these valves utilize the electronic emission of incandescent lamp 
filaments in vacua to obtain either rectification or a repeating action. 
The filament, grid, and plate are made of various metals. One corn- 
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raercial detector tube has a nickel filament, a tungsten grid and a. molyb- 
denum plaie. Another has a tungsten filament, a nickel grid and a nickel 
plate. A transmitting tube developed by one manufacturer contains a 
tungalen filament, a molybdenum grid, and a nickel -plate. Still another 
tube has an aluminum plate and a spiral grid of copper containing a slight 
percentage of thorium. 

Cooied filaments are used to increase the electronic emission. The 
preparation of these filaments is generally kept secret by the manu- 
facturers. It is known that some manufacturers coat their platinum 
filaments with a mixture of oxides, such as barium or strontium. Such 
filaments emit large quantities of electrons at low temperatures, thus 
tending to prolong their life. Tungsten filaments generally are bum«d 
at high temperatures. Most bulbs are exhausted to a very high vacuimii, 
the internal elements being heated to high temperatures during the 
evacuation process to remove all occluded gases. This prevents ioniza- 
tion under normal conditions of operation, tends toward constancy of 
action, and gives the tubes definite operating characteristics which can 
be relied upon throughout their life. 




f* 



Flo. 164. Flemu)e'« twi>el«trod« o 



'Blva foi the deUcd 



at radio freqacuMr tn 



FLEMIHG'S VALVE.— This detector shown in the drawing Rg. 164 
utilizes a lamp filament and a metailic plate mounted in a glass bulb from 
which all air or occluded gases are removed . The filament is of carbon or 
tungsten and the plate of copper or nickel. The filament F ia rendered 
incandescent by a 4- to 12-volt storage battery. 

If connection is made to the Jiegative terminal of the filament F and 
the plate P at C and D respectively, it can be shown fhat the vidve 
conducts best when the plate is connected to the positive pole of the current 
source. If the polarity of the externally applied e.m.f. be reversed little 
or no current will flow through the valve. It is now clear that the valve 
possesses "unilateral conductivity," i.e., it is a recd^^and aa such it may 
take the place of the carborundum rectifier shown in previous oircuita. 
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The valve not only possesses rectifying properties, but the resistance 
from the plate to the Elament varies with the amount of current flowing 
through tne valve. This can be demonstrated by the circuit of Fig. 165, 
Here the filament is heated by battery B-1, while the terminals of the 
battery B-2 are connected to the plate and to the negative terminal of 
the filament A is a milliammeter. If the e.m.f. of B-2 as read by an 
appropriate voltmeter is slowly increased from some minimum value, 
and the reading of the ammeter A noted at intervals, it will be found at 
first that the current through the valve does not increase directly with 
the applied e.m.f., and that after a critical e.m.f. is passed, the current 
increases more rapidly than the applied e.m.f. would appear to call for. 




Fre. laj. Circuit f( 



The data thus obtained may be plotted in the form of a curve aa 
shown in Fig. 166. It is seen that the resistance of the valve falls 
rapidly at the point B. At point C further increase of the plate e.m.f, 
causes no further increase of current. This is the point of saturation. 

The current maximum is limited by two things; the temperature limita- 
tion of the filament and the s-pace charge. Obviously if the temperature 
be increased above some critical value the filament will bum out. If 
the temperature be raised to the maximum permissible value the current 
maximum between P and F will be that corresponding to the available 
supply of electrons. Further increase .of the e.m.f. of B-2 will not in- 
crease the electron current because all the electrons available are drawn 
over to the plate. But before all the electrons are used the space charge 
becomes effective in reducing the plate current. The explanation of this 
phenomenon is as follows: Electrons are small charges of negative 
electricity and when a sufficient number have accumulated between the 
filament and plate they constitute a negatively charged field of such 
intensity that they repel the electrons behind them so that only a portion 
of those emitted by the filament reach the plate. Thus, it is seen that 
the apace charge as well as the temperature limitation mentioned above, 
tend to limit the strength of the electron currents through the tube. 

Suppose that the curve ABC Fig. 166 is obtained with a given fila- 
ment temperature. If the filament temperature is increased a new 
curve A B Dis secured which indicates another point of saturation at D. 
That is, although the increase in filament temperature has increased the 
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electron emission and, therefore, the plate to filament current, a point of 
saturation is soon reached because of the space charge and the fact that 
all the available electrons have been drawn over to the plate. 
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E. M. F. OF B-2 

ic ol a two-etectrode vain A 



CmCDIT FOR FLEMING'S VALVE.— The detection circuit for 

Fleming's valve which takes advantage of its non-unijorm conducting 
properhes as indicated in Fig, 166, is shown in Fig. 167. Here the bat- 
tery B-l not only heats the filament but supplies the local e.m.f. to 
permit working on e, point of the characteristic curve favorable for the 
detection of radio frequency currents. 

The necessary regulation is obtained by potentiometer P-1 of 400 
ohms shunted across B-l. By moving the tap along P-1 to the right 
the plate P is charged to an increasing positive potential. The current 
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from B-1 flows throi^h the telephone P-2, through the aecondary coU 
L-2 to the plate P, thence to the filament and back to the negative 
terminal of the battery. 

Assume, then, that the local e.m.f. is adjusted to correspond to point 
B in Fig. 166. This is the point where the resistance of the valve falls 
rapidly. If the incoming radio frequency currents be superposed upon 
the direct current already flowing through the valve, it is clear from the 
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curve that when the incoming e.m.f. and the local e.m.f. are in the 
same direction, the increase of current through the head telephone will 
exceed the decrease when these two e.m.f. 'b oppose. Since the pre- 
ponderance of current is in one direction, what amounts to rectified 
currents flow through the head telephones (during the reception of radio 
frequency oscillations). 

The foregoing actions are depicted graphically in Fig. 168. The 
lower graph 0-1 shows two groups of incoming radio frequency currents. 
The graph 0-2 shows the fluctuations of the telephone current, and the 
graph 0-3 indicates approximately the telephone current which is an 
average of the amplitudes in 0-2. It is now clear that each spark at the 
transmitter will give one pull at the diaphragm of the receiving telephone. 

It is important to note that along the straight portion of the curve 
Fig. 166, the plate current would increase and decrease by equal amounts 
for any small incoming e.m.f. In that region of operation the telephones 
would be traversed by a radio frequency component to which they would 
give no response. 

If, on the other hand, when the plate e.m.f. is adjusted to the point C 
on the curve of Fig. 166, and e.m.f.'s generated by incoming signals 
are impressed upon the filament and grid, it will be seen from the curve 
that the plate current will decrease to a greater extent below its normal 
value than it will increase (above normal), but in eo far as the head 
telephones are concerned, the effect will be the same as on the lower bend 
of the curve; that is, the telephone diaphragm will be impulsed once for 
each spark of the transmitter. The valve is usually more sensitive at 
the lower bend of the curve. 



W^' 



'A 



^t^ 



imple reotifier. 

The circuit for the Fleming curve as a simple rectifier ia shown in 
Fig. 169, Here one terminal of the secondary coil L-2 is connected to 
the plate P and the other terminal through the telephone condenser 
C-2 to the negative side of the filament F. B-l is a battery of about 
6 volts and R a rheostat of 10 ohms resistance. The capacity of C-2 
is about 0.002 mfd. The action of the valve during reception of signals 
is somewhat as follows: When the incoming radio frequency currents 
charge P to a positive potential electrons are drawn over from the fila- 
ment, which is equivalent to saying that a semi-cycle flows from P toF. 
For the negative half cycles, P is charged negatively, no electrons are 
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drawn over to the plate and consequently no current passes the valve. 
Condenser C-2, therefore, receives a uni-directional charge over the 
duration of a wave train and discharges through the head telephone P-1. 
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Pio. 170. Circuit for the Floroins vatve unng Kparat* plate and 



Fig. 170 showH another circuit for the Fleming valve, in which a 
separate battery B-2 of 20 to 40 volts is employed to energize the plate 
circuit. 




Fra. 171. Tbg thre«-e1ectrode osciUation valve 



the Ekment, O the Eiid, and P the plate 



THE THREE-ELECTRODE VALVE.— The construction of the three- 
electrode oscillation valve is shown fundamentally in Fig. 171 where F 
is the filament, G the grid element, and P the plate. The materials 
commonly employed for the filament, plate and grid have already been 
mentioned. In this valve, the grid G acta as a controlling element of the 
electron cuirents between the filament F and the plate P. Such control 
is effected by varying the grid to filament potential by an externally ap- 
plied e.m.f. Like the two-element tube, the operating characteristics 
of the three-electrode bulb can best be comprehended by analyzing its 
characteristic curves. Certain characteristic curves of the popular 
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Marconi V, T. will follow. This tube is suitable for all-around experi- 
mental use, as it possesses universal operating characteristics. It may 
be used as a detector and amplifier of radio frequency currents, or ae a 
generator of continuous oscillations. 

The beginner should understand what is meant by the input and 
output circuits of the three-electrode tube. For the bulb circuits shown 
in Fig. 171, the input terminals are the negative side of the filament F 
and grid G, the output terminals are the plate P and a terminal of the 
filament, or leads tapped off some part of the plate circuit. Thus, in 
Fig. 177, A B are the input termiaals of the valve and C D the output 
terminals. * 



WiBCONl V.T -Low IIE»DIM6 WILLHIIMtTH 
VOLTMETU 
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1000 Ohm Potentiometer. 

Tia. 172. Complete cirmts foe obtu 



tbiee-eleiitnidfl valve. 



As a preliminary description* of the operating characteristics of the 
valve, the reader should note the effect of varying grid potential? upon 
the strength of the plate current. Referring to the diagram, Mg. 172, 
assume that the filament is incandescent and the plate circuit energized 
by the plate battery B. Current flows from the positive terminal of B 
to the plate P, from the plate to the filament and then to the negative 
pole of the battery. We may then place varying potentials on the grid G 
(in respect to the negative terminal of the filament F) by the gr^ bat- 
tery C. If the grid is charged by C to some upper negative poteniiai, it 
will be found that the plate current as read at If falls to zero. 

If the potential of C be slowly changed from some negative value to 
zero and then gradually increased to some positive . vahie the current 
through 7p will increase; but as in the two-electrode valve; the resistance 
from P to F is not constant. It varies with the current as will be shown 
by the characteristic curves following. The curve which shows the' 
strength of the plate current corresponding to various grid potentials is 
called the "d.c. characteristic" of the vacuum tube. 

To gain a better understanding of the effects of filament, grid and 
plate potential in a vacuum tube detector, we will consider the curves of 
grid potential vs. plate current, ,plate potential vs. plate current; and voUage 
amplification vs. series plate resistance for the Marconi V. T. 
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The data for all characteristic phenomena may be obtained by the 
circuits and apparatus of Fig, 172. C is a battery of about 80 volts 
shunted by a 2000-ohm potentiometer. A tap is brought from the 
middle of the cell bank so that moving the slider from one end towards 
the other end will reverse the polarity of the battery in respect to the 
input terminals of the tube. Eg is an appropriate voltmeter. /^ is a ' 
microammeter (such as the Paul type) for measuring feeble grid currents, 
/p is a microammeter or a milliammeter tor measuring the plate current, 
Ep is an appropriate voltmeter for the plate battery. // is the filament 
circuit ammeter whose maximum scale for receiving tubes need not 
exceed 2 amperes. Several characteristic curves of the Marconi V. T. 
will follow. The grid-voltage, grid-current curve is not shown for it is 
relatively unimportant to the experimental tests of the amateur worker. 

THE GRID-VOLTAGE, PLATE-CURRENT CHARACTERISTIC— 

The data for this characteristic are obtained by adjusting the filament 
temperature and plate voltage of the tube to normal operating values. 
The potential of the grid (in respect to the negative side of the filament) 
is then varied by potentiometer P (Fig, 172) noting at each step the 
readings of the voltmeter Eg and the ammeter 7p. 
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the Marconi V 



Fig. 173 shows a set of curves obtained in this way for the Marconi 
V. T, with plate voltages varying from 20 to 300 while the filament cur- 
rent is held steadily at 0.7 ampere, (These curves were taken with a 
Class II tube,) 

Noting the curve for 40 volts plate e.m.f., it will be seen that when 
the grid potential is about — 18 volts in respect to the filament the plate 
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current is zero . The peak of the lower bend of this curve corresponds 
to a grid potential of about — 2H volts. The plate current correspood- 
ing to this is 0.26 milliatnpere. When the grid and filament are at the 
same potential, i e., at zero potential, the plate current is 0.6 nulli- 
ampere. The graph is linear from that point on for a considerable range 
of grid voltages and the point of saturation occurs when the grid potent^ 
is +20 volts. 




OSCILLATIONS 





RADIO FREQUCHCY 
COMPONEKT- PLATf 
CURRENT 




irefi-eEflctrDdft Tiln. 



Referring to the valve circuit in Fig. 179 the point on the characteris- 
tic curve most favorable to detection in a circuit of that kind is the iower 
bend. Say, for example, the plate voltage is 80 volts and the grid po- 
tential —5 volts. Then, from Fig. 173 I^ the plate currant— 0.45 
milliampere. If then the potential of the incoming signal for purposes of 
illustration, is 3 volts, then the potential of the grid to filament will vary 
between (— 5) + (— 3)= —8 volts and (— 5) + (+3)= —2 volte. The 



>dbyG00glc 



Vacuum Valves 



213 



plate current /p will accordingly vary between 0.25 miUiampere and 
0.9 milliampere; that is, it decreases 0.45 — ^0.25 =0.20 milliampere below 
normal and increases O.d — 0.45 = 0.45 miUiampere above normal (for the 
first cycle in the wave train). 

The increase of current through the head telephone evidently exceeds 
the decrease. Hence the telephones are energized by uni-directional 
currents which pull the diaphragm of the receiver once for each spark 
at the transmitter. 

The phenomena of reception are outlined in Fig. 173a. Graph 0-1 
indicates two groups of incoming radio frequency currents; graph 0-2 
the fluctuating grid potential, graph 0-3 the corresponding plate current 
and graph 0-4 the approximate telephone current. 

If the valve is worked at the upper bend of the curve, detection oc- 
curs also but the graph 0-4 would then show a decrease rather than an 
increase over the time of a group of oscillations. 

Further study of Fig. 173 shows that in the linear or straight portion 
of the curve, a small oscillating e.m.f. applied to the grid or input cir- 
cuit will be reproduced with fidelity in the plate circuit. In this region 
of the curve incoming radio frequency currents will cause radio frequency 
variations in the output circuit and if there is no distortion the head tele- 
phone will give no response. It is along that portion of the curve that 
the valve characteristic is correct for cascade radio frequency amplifica- 
tion but not for detection except when the circuit of Fig. 180 is used. In 
that circuit good detection is often secured when the grid to filament 
potential is zero. 
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PLATE-POTENTIAL. PLATE-CURHENT CHARACTERISTIC— 

The data is secured by connecting the grid to the negative terminal of 
the filament (Fig. 172), setting the filament current at nonnal value and 
varying the plate voltage progressively. Note is made of the readings 
of Ej, and If. 

Fig. 174 shows plate-voltage, plate-current curves of the Marconi V. T. 
for filament currents of 06, 0,7 and 0.8 ampere, with the grid at zero 
potential. These curves indicate how the characteristics of Fig. 173 
may be expected to vary with different filament currents. They also 
permit computation of the internal resistance of the valve as will be 
explained on page 217. 

FILAMENT-CURRENT, FILAMENT-POTENTIAL CHARACTER- 

ISTlC.^Thc data for this characteristic is obtained by connecting a 
voltmeter across the filament F, Fig. 172, and noting the reading of // 
at different voltages. 




filament volUge lor Uie Mwoooi V, T. 



The curve for the Marconi V T is shown in Fig. 175. The value 
of the curve is that it indicates the battery e.m.f. necessary to maintain 
the filament current at any desired value withm its operating rai^e. 

AMPLIFICATION CONSTANT.— The amplification constant of a 
vacuum tube is defined as the ratio of the change of plate voltage necessary 
to bring about a given change in plate current, to the change in grid 
potetttud required to produce the same change in pUUe current. 



>dbyG00glc 



Vacuum Valves 



215 



For an illustrative example: Suppose that the grid potential is zero, 
and the plate current corresponding thereto at 80 volts plate e.m.f., 
is 1,35 milliamperes. Assume then, that the grid is held at +1 volts, 
and the plate voltage varied until the plate current is again 1.35 milli- 
amperes. If the plate voltage is then 74.5 volts, it is evident that a 
change in the grid potential of 1 volt has an efiect of 5.5 times that 
of a similar change in the plate potential. The amplification constant is 
therefore 6.5. It is expressed by K. 

The amplification constant of a tube may be obtained roughly by 
dividing the plate voltage by the grid voltage necessary to reduce the 
plate current to zero. The amplification constant of the Marconi V. T. 
is approximately 8.5 at operating adjustments. 

A method of obtaining the value of K by direct measurement will be 
described on page 218. 

FILAMENT TO PLATE IMPEDAMCE.— In the design of cascade 
amplifiers knowledge of the internal impedance of a vacuum tube is 
essential. If this is known the impedance of the load {the output cir- 
cuit) can then be given the value necessary for maximum power output. 
A somewhat parallel case is that of the ordinary dynamo where the 
maximum power is obtained in its output circuit when the resistance of 
the load is the same as that of the generator. Since the resistance of 
the load and generator are equal, equal amounts of power are dissipated 
in each and the efficiency of the load will be 50%. This low efficiency is 
obviously not permissible in power work, but when only small amounts 
of power, such as are present in the output circuits of vacuum tubes, are 
available equality of load impedance and tube impedance is desirable. 

The resistance o/ the plate to filament, that is, the internal impedance 
of the tube may be calculated directly from the curve Fig. 174 or meas- 
ured as in the paragraph following. Take, for instance, the upper 
curve in Fig. 174; the impedance at point C may be determined by draw- 
ing the tangent C S to the curve at the operating potential which has 
been selected in this case as 60 volts. Then draw the line C D. 

The impedance is then equal to the voltage B D divided by the 
current C D. Since B D = 36, and C I> = 0.00135 ampere, then Ri, the 



impedai 



0.00135 



= 26,6 



3 ohms. 
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MEASUREMENT OF INTERNAL IMPEDANCE AND AMPLIFI- 
CATION CONSTANT.— The method to be described was presented 
by J. M, Miller in Vol. 6, Proceedings of the Institute of Radio Engi- 
neers (June, 1918). The circuits are shown in Fig. 176. C D is a slide 
wire resistance of about 7 ohms. A generator of 500 to 800 cycles 
coupled to C D through a transformer designed so that the current 
through C Dia about 50 milliamperes. if is a dial resistance geing up to 
approximateljr 10,000 ohma. 

The amplification constant K is obtained by adjusting the slider on 
C D with the switch S open until the telephones are silent, then 



-^ 



(59) 



Hfi,=9andfi, = l,theB K = y-9. 

To determine the internal impedance Ri, set the slider on C i> at 
the middle point, close the switch S and vary R until silence is again 
obtained, then 

Bt = {K—l)R (M) 

If, for example, 



For any other ratio of -=^ having a value less than K formula (60) 
becomes 

»- (I "-') " »" 

The tube should be adjusted to normal operating conditions during 
the measurement. 




Pio. 177. Inditating thi 
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VOLTAGE AMPLIFICATION.— The voltage ampUfication of a 
vacuum tube is the ratio of the voltage obtainable across a resistance in 
series with its plate circuit to that impressed upon the grid circuit. Thus, 
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in Fig. 177, it is the ratio of the voltage between the terminala C and D 
of R, to the voltage applied between A and B. 

If JC = the amplification constant of a tube, fli=its internal resistance, 
R = the series plate resistance and ju = the voltage ampU&cation, it can be 
shown that 



' R+Bi 



(62) 



Thus if the maximmn amplification constant of a tube =9, its internal 
impedance =29,000 ohms and the load or coupling resistance = 1,000,000 
ohms, then. 



roltage amplification (u) = 



9X1,000,000 
1,000,000+29,000 
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Fio. 178. Curve o 



volume unpliGcmtion vs. MTles piste TesMuice lor the Msrconi 



A curve of voltage amplification plotted against series plate resistance 
for the Marconi V. T. is shown in Fig. 178. The value of this curve 
lies in the fact that it shows the correct value of coupling resistance to 
give the maximum efficiency with cascade amplifiers. It is seen that 
the voltage amplification increases rapidly as the load resistance is in- 
creased to 200,000 ohms. At 2,000,000 ohms, the voltage ampUfication 
is 6.5 which compares well with the best detector tubes. A load im- 
pedance of this value will be used in the cascade amplification circuits 
following. 

The ampUfication constant K oi & tube is dependent upon tne ratio 
of the spacmg between the grid and filament to the spacing between the 
grid and plate and upon the construction of the grid. The amplifica- 
tion increases with a decrease of the ratio and with smaller grid meshes. 
Since these factors of construction are decided upon by the maker the 
amateur must design his output circuits to fit the impedance of the tube. 
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DETECTOR CIRCtnT FOR THE MARCONI V. T.— There are two 
general methods of detecting damped oscillations by a vacuum valve. 
The circuit of Fig. 179 utilizes a grid battery C to permit operation on the 
most favorable point of the characteristic curve. The second circuit, 
Fig. 180, employs a grid condenser C-1 to give maximum rectification. 
This difference may be said to constitute the distinguishing features of 
the two circuits. 




Fio. ITfl. Detection cirruit tor the three-dectrodo valve u^ng s grid batlery to permit oiieimtJOD on i 
favorable point of the characteriatin curve o( UiB valve. 

Referring to Fig. 179, L-1 and L-2 are the primary and secondary of 
a tuning transformer. C-2 is a shunt secondary condenser. C is ft 
grid battery varying up to 20 volts. F is a 400^*00 volt potentiometer; 
B, the plate battery of 60 volts and A, a 4-6 volt storage battery. P-1 
are telephones of 2000 ohms. By varying the e.m.f. of C, the grid can 
be held at any desired negative or positive potential relative to the filamenl 
within the limits of the tube. 

Referring to Fig. 173, noting the "80-volt plate e.m.f." curve, it will be 
seen that the lower bend occurs where the grid potential is — 5 volta. 
The grid may be held at that potential by the battery C. In the region 
of the bend of the curve, an oscillating e.m.f, impressed upon the grid 
and filament (the input circuit) will be repeated in the plate circuit with 
distortion, that is, when the incoming e.m.f. impressed upon the grid is 
positive the resulting increase of the plate current above the normal 
value exceeds the decrease (below the normal value) when the grid ii 
negative. The preponderance of current therefore flows in one direction, 
i.e., a rectified current flows in the plate circuit. 

The result is the same as that obtained with the two-electrpde valve, 
the graphs of which were shown in Fig. 168. While the signal is paanng, 
the plate current on the average increases, decreasing to normal between 
sparks at the transmitter. If, on the other hand, the grid potential is 
made positive in respect to the filament, that is, the valve is worked at 
the upper bend of one of the curves of Fig. 173 each group of incoming 
oscillations will cause a decrease in the average telephone current. 

The grid battery is not strictly essential in the circuit of Kg. 179. 
Varying negative grid potentials can be obtained with some bulbs aimply 
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by varying the filament t^nperature and the plate voltage. In other 
words, the favorable point on the curve for detection may often be 
located in this way without a grid battery. 

PREFERHED DETECTION CIRCUIT FOR THE MARCONI V. T.— 

Instead of the grid battery of Fig. 179 the detection circuit for the 
Marconi V.T. in Fig. 180, has a condenser in series mtk the grid. Usually 
with this connection and no oscillations in the grid circuit, the grid and 
Slament are at zero potential and no current flows in the grid circuit; 
that is, no electrons pass from the filament to grid.* 




Fio. 180. Deteclion ci 
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When radio frequency e-m.f.'s are impressed upon the grid circuit of 
Fig. 180 and the grid to filament potential is approximately zero, the 
grid is made alternately positive and negative. When the grid is positive 
electrons are dravm over to it, but when it is negative the electrons are 
repelled. Thus, for each succeeding half oscillation electrons are drawn 
to the grid, placing a charge in the grid condenser C-1, which is negative 
on the grid side. As the characteristics of Fig. 173 show, an increasii^ 
negative charge on the grid acts to reduce the plate to filament current; 
and hence, while a group of incoming oscillations undergo rectification, 
the telephone current is reduced. If means are provided for leaking the 
charge out of the grid condenser slowly, the grid and hkewise, the plate 
voltage will return to their normal potential between sparks at the trans- 
mitter. In tubes which arc not highly exhausted the charge in the grid 
condenser will leak through the bulb if positive ionization occurs. Some 
leakage may take place through the dielectric of the grid condenser or 
through the glass supports of the grid. Artificial leakage must be pro- 
vided with such valves as the Marconi V. T. In practice, leak resistances 
are called "grid leaks" and they vary from, say, 80,000 to 2,000,000 ohms. 

Grid leaks may be made by drawing a number of parallel lead pencil 
lines on cardboard between binding posts. If the resistance is too low 
some of the lines may be rubbed out with an eraser. Certain grades of 
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dramng ink if deposited on paper between binding posts will give the 
necessary leakage. Carbon paper has been used. Grid leaks mounted in 
glass tubes with sealed-in ends ready for use, of the type shown in Fig. 
180a, may be purchased from the Marconi Company. They are posi- 
tively essential for best operation of the Marconi V, T, 




Fia. 180s. Grid leak uid base aa 
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In regard to the complete apparatus called for in Fig. 180: the dimen- 
sions of L-1 and L-2 can be obtained by calculation aa explained on 
pages 169 to 173. For short wave lengths C-2 can be dispensed with. 
For long wave lengths its capacity should not exceed 0.0006 mfd. C-1 
may be of fixed capacity — about O.OOOI mfd, R has resistance of 2 
megohms. The e,m.f. of the A battery ia 4 volts, of the B battery 
about 60 volts. 

To obtain the best response from the Marconi V. T., set the plate 
voltage at some voltage between 25 and 60 and slowly increase the fila- 
ment temperature by the rheostat R until a signal maximum is heard in 
the telephones. 

The life of the bulb with normal usage ia about 1500 hours. 

CASCADE AMPLIFICATION.— It is clear from the preceding 
explanations that the vacuum tube is an amplifier of a variable e.m.f 
of any wave form. A single bulb itself is an amplifier and if used as in 
Fig. 179 or 180 will give many times the strength of signal obtainable 
with a simple rectifier like carborundum. If either radio or audio fre- 
quency voltages are impressed upon the input terminals A B of Fig. 
177, amplified voltages of the same frequency will exbt across the ter- 
minals of the resistance R. These voltages may then be impressed upon 
the grid circuit of a second tube wherein further amplification takes place. 
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The output and input circuits of as many as 8 tubes may be coupled in 
cascade for progressive amplification. Generally the limit is reached 
with about 8 tubes. 

In fact the limits of amplification are reached with any combination 
when the current variation of the last tube has reached the point of 
saturation. Weagant, of the Marconi Company, and his staff have 
developed a very successful 8-tube amplifier with which signals may be 
copied three or four thousand miles on a small frame aerial a few feet 
square. 

In addition to a pure resistance coupling of Fig. 177, capacitwe, 
inductive and conductive coupling (auto transformer coupling) are em- 
ployed in cascade circuits.* For instance, in a cascade radio frequency 
amplifier wherein the successive plate and grid circuits are coupled 
inductively, use is made of an air core radio frequency transformer as the 
coupling element. Iron core coupling transformers are employed for 
audio frequencies. These may be either of the open or closed core type, 
A single impedance coit is sometimes used. 

In the earlier types of cascade amplifiers separate filament and plate 
batteries were employed for each bulb. Circuits have been developed 
where one fiiament battery and one plate battery were used to energize all 
bulbs. There are few circuits where it is still an advantage to employ 
separate batteries for each step. 




The resistance coupled amplifier is rapidly gaining preference with 
experimenters because of the simplicity of the circuits and the ease of 
obtaining maximum amplification. The advantage of this method of 
coupling over the method that uses radio frequency tuning transformers 
between valves is obvious. The latter method requires tuned input 
and output circuits throughout the system, and any change in tuning in 
the radio frequency circuits of the first bulb calls for retuning the grid 
and plate circuits of all bulbs. This is a complex procedure requiring 
the attention of a skilled manipulator. 
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With the reBiBtance coupled amplifier the only tuning required ia that 
usually done at the tuning transformer. A change of wave length does 
not call for any particular changes in the constants of the amplifier circuits. 

A three-valve circuit for the amplification of radio frequencies using 
separate plate and filament batteries for successive steps, is shown in 
Fig. 181. The output and input circuits of successive bulbs are coupled 
through radio frequency tuning transformers P-1 and P-2. The plate 
circuits of all bulbs are untuned but the grid circuits are carefully tuned 
to the frequency of the incoming signal by shunt variable condensers. 
The first two bulbs function as radio frequency amplifiers and the last 
bulb acts as a detector in which the oscillations are rectified and stored 
up in the grid condenser. Favorable grid potentials, which are generally 
obtained along the linear portion of the characteristic curve, are given to 
the first two bulbs by grid batteries which in practice are shunted by po- 
tentiometers. The battery and potentiometer shunted around the grid 
condenser of the last tube are employed to limit definitely the potential 
difference between the grid and filament. This prevents the grid poten- 
tial rising to such a high negative value that the tube becomes inoperative. 




The fundamental circuits of an audiofrequency amplifier are shown in 
Fig. 182, Here the first bulb is the detector and the second and third . 
bulbs are audio frequency amplifiers. The output circuit of the first bulb 
is coupled to the input circuit of the second bulb through the transformer 
L-1 and L-2. Transformer L-3, L-4 performs the same function between 
the second and third valves. Suitable intervalve transformers for this 
circuit will be described on page 239. The intervalve transformer is de- 
signed to have an impedance at, say, 500 cycles equal to or somewhat 
greater than the internal impedance of the tube. It is designed with a 
step-up ratio of turns. 

The operation of the circuit is as follows: During reception from 
spark stations, the incoming oscillations are rectified between the grid 
filament and, as already explained, the charge and discharge of the grid 
condenser sets up audio frequency voltage variations across the primary 
L-1. Similar voltages are induced in L-2, which vary the grid potential 
of the second bulb wherein further amplification occurs and so on. 

Grid batteries {"C" batteries) may be used in the grid circuits of all 
tubes. With some bulbs control of the grid potential ia essential. 

CASCADE CIRCUIT FOR THE MARCONI V. T.— There are anjr 
number of circuit)^ which can be used . A cascade system for the Marconi 
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V. T. that has been worked out particularly for amateur use isshown in 
Fig. 183. Amplifications of 60 are obtained with three (Class II) bulbs. 
The feature that will appeal to the experimenter is the use of a single 
plate battery and a single filament battery forall tubes. 

Referring now to the diagram, L-2, C-2 is the secondary circuit of the 
tuning transformer. C-3 is a grid condenser of 0.0001 mfd. L-3 is an 
iron core impedance of 20 henries which acts as the coupling element be- 
tween the first and second bulbs. R-1 is a 2 megohm resistance which 
acts as the coupling element between the second and third bulbs. The 
resistances R, are grid leaks of 2 megohms each. These prevent the grid 
potentials of successive valves rising to such a negative value that they 
become inoperative. The blocking condensers C-4 have capacitance of 
0.005 mfd each. /* is a 2000-ohm telephone. 

Note that the filaments are fed by the same A battery. The B bat- 
tery, which now ha an e.m.f. of 80 volts, energizes the plate circuits of 
the three tubes. 

The operation is as follows: The first tube acts as a detector, the 
incoming oscillations being rectified by the valve action. 

Thus, audio frequency voltages are built up across the impedance L-Z 
which are impressed upon the grid and filament terminals of the second 
tube. This tube acts as an amplifier and still greater voltages are built 
up across the coupling resistance R-1. The output of the second bulb 
is again amplified by the third tube. A coupling resistance similar to ffi-1 
might have been inserted in the plate circuit of the first bulb instead of 
the coil L-3. Instead of this the coil was employed to permit the use of 
lower voltages at the B battery. Had resistance couplings been used 
throughout the circuits, the e.m.f. of the B battery would have had to 
be around 110 volts or more. 

The impedance L-3 can be made by winding 10,000 turns of No. 36 
enamel wire on a core of silicon steel or iron wire 5^" in diameter and 
3" in length. The inductance of the coil is approximately 20 henries. 

As mentioned before, the leak and coupling resistance may be made 
of lead pencil lines drawn on a piece of cardboard, or appropriate grid 
leaks may be purchased from the Marconi Company. It is believed that 
this circuit will satisfy all the requirements of the amateur station and it 
is particularly recommended for use in long distance relay work. 

The circuits of a resistance coupled amplifier containing any number 
of bulbs up to eight, are shown in Fig. 184. This method of coupling 
gives good results with the Marconi V. T. The output and input circuits 
of successive tubes are coupled through resistances of 2 megohms each. 
*rhe resistance* of the coupling anits in such a circuit should always exceed 
the internal impedance of the valve. The B battery should have a 
potential of 120 volts. The condensers C-4 have capacitance of 0.005 
mfd, each. 

In this circuit, the first tube rectifies incoming oscillations and the 
second and third tubes amplify the audio frequency component of the 
plate current of the first tube. R-2 is a filament rheostat of 10 
ohms. If thfe voltage of the filament battery is four volts or less, the 
rheostat is not required. Still greater amplification can be obtained by 

*NoCe paracnph nuinlKi«d (2) and (3] page 341 in the appendix. 
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coonecting the condenser C-5 Ib the circuit as here shown. The condenser 
provides regenerative coupling between the plate circuit of the last bulb 
and grid circuit of the first bulb. The condenser will only give regenera- 
tive funpU&cation at short wave lengths For long wave lengths a 
"tickler" circuit is preferable. 




The circuits of an impedance coupled amplifier* for use with the Marconi 
V.T. are shown in Fig. 185. This system has been used in receiving sets 
in wireless telephony for recording speech signals. The transformers 
between the amplifier bulbs are designed to give the best response at 
average "speech frequency" which is approximately 800 cycles. The 
impedance of the coils is somewhat greater than the internal impedance 
of the tubes. 

The output circuits of the first and second bulba are coupled to suc- 
cessive input circuits through the iron core impedances Zr-3, each of 
which are designed to have an impedance equal to, or two or three times 
the internal impedance of the corresponding valve. These chokes may 
consist of an iron core about 234 '- long, J^' in diameter, wound to a 
diameter of 1 * with No. 38 enamel wire. The choke L-Z, the dimensions 
for which are given on page 238 is also satisfactory. 

The grid leaks R have resistance between 1 and 2 megohms. The 
grid batteries C-I, in the second and third bulbs, permit working on 
favorable points of the characteristic curves of the amplifier tubes. A 
battery of a few volts will fulfil the requirements. The resistance of the 
telephones P should be rather high, and if high resistance telephones are 
not available a series resistance of 10,000 to 30,000 ohms may be con- 
nected in series with the telephones. 

The first bulb is used for detection purposes. The grid condenser 
C-3 may be dispensed with in that circuit and a grid battery of a few 
volts substituted as shown in preceding diagrams. The grid battery may 
be shunted by a potentiometer to permit close regulation of the grid 
voltage. If the condenser C-3 is employed, it should have a capacitance 
of about 0.0001 mfd. The condensers C-4 should have capacitance of 
0,005 to 0.5 mfd. 

•For audio frequency amplification. 
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The circiiit in Fig. 186 is particularly applicable for cascade ampli- 
fication by tubes having low amplification constants and low internal 
resistances. The tubes in this circuit are coupled through closed core 
transformers. If the ampliiier is to be used for wireless telephony the 
impedances of the transformers should be approximately equal to the in- 
ternal impedances of the tubes at 800 cycles. The requisite impedance 
may be calculated for lower frequencies (500 cycles) and the design of 
the transformer changed accordingly. The ratio of transformation 
should range from 3 to 6 according to the design of the valve. 

The grid batteries C-1 permit operation on favorable points of the 
characteristic curve which generally are obtained with negative values of 
grid potential. The telephones P should have an impedance equal to 
the impedance of the transformer Af-3. Transformers M~l, M-2 and 
M-3 are of identical design and one suitable for the Marconi V. T. is 
shown in Fig. 199. 

Summing up the foregoing circuits Fig. 183 is particularly applicable 
for cascade amplification with the Marconi V. T. at short wave lengths, 
assuming the reception of damped oscillations. Fig, 184 is suitable for 
the same purpose. Fig. 185 is a circuit applicable to telephonic and 
telegraphic reception, provided the second and third bulbs are des^ned 
for high amplification constants and high internal impedances; but dif- 
ficulty is apt to be encountered in practical operation with several stages 
due to the tendency of the circuits to oscillate at audio frequencies. Fig. 
186 is suitable for amplification usit^ bulbs having low amplification 
constants and low internal impedances. This circuit functions well with 
bulbs requiring plate voltages around 25 volts. 

It may prove of interest to state here that the impedance of a tele- 
phone receiver is often sufficient for an intervalve coupling. One stand- 
ard make of telephone has an impedance of 22,000 ohms at the frequency 
of 500 cycles. 

Regarding the correct grid potential for amplification or detection the 
e:(perimenter should understand that if the valves are to be used simply 
for amplification they should be worked along the linear or straight por- 
tion of the grid-potential, plate-current curve. This holds good for radio 
or audio frequency amplification. But for the detection of radio fre- 
quency currents in telegraphy, a grid potential should be selected corre- 
sponding to some point on the lower bend on the curve where the loudest 
signals are obtained. Assume a detectmg circuit made up of a smgle 
bulb with a three-stage amplifier, the first, the detection bulb, should be 
adjusted to operate on the bend of the characteristic curve (if no grid is 
employed) but the grid potential of successive bulbs is preferably such as 
will permit working along the straight portion of the d.c. characteristic 
curve. 

SELF-AMPLIFIERS OR REGENERATIVE RECEIVERS.— The 

regenerative principle for self-amplification was first disclosed by Arm- 
strong. The underlying idea may be understood by referring -to the 
circuit Fig. 177. If radio frequency e.m.f.'s are impressed across the 
input terminals A B, amplified radio frequency voltages will be set up 
across the terminals C D of the resistance R. If some of the ener^ in 
the plate circuit is then fed back to the grid circuit by indwiive, condvtiive 
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or capacitance coupling, the amplitude of the original grid oscillations 
will be increased and still greater variations in the plate current will 
result. The incoming signals may thus be amplified enormously. Either 
the radio or audio frequency component of the plate current can be ampli- 
fied in this way. For radio frequency amplification, the grid and plate 
circuits are coupled through a condenser or a radio frequency transformer; 
for audiofrequency amplification, an iron core transformer is employed. 
In all regenerative circuits care must be taken to have the plate oscilla^ 
tions in the correct phase relation so as not to oppose the grid oscillations. 
The correct relation between the grid and plate currents is readily found 
by experiment. When regenerativety coupled circuits are used for the re- 
ception of damped oscillations, the coupling of the regenerative trans- 
former should not exceed a certain critical value (determined by trial), as 
otherwise the valve will be set into self-oscillation at a radio frequency 
and beat reception will be obtained. Although beat receivers will amplify 
spark signals to a very great degree, the note of the sparit station is dis- 
torted and a note of different pitch than the normal tone obtained. 
As a matter of fact any regenerative receiver designed for the amplification 
of sparli frequency signals will permit the reception of undamped waves 
if the coupling between the grid and plate circuits is sufficiently close. 
All of the circuits which follow will receive either damped or undamped 
waves. In the case of undamped wave reception, the inductance and 
capacitance of the tuning elements must be of the correct magnitude for 
obtaining resonance with the longer waves usually employed by high 
power stations using undamped wave generators. 

There are many ways of connecting vacuum tubes for regenerative 
amplification. Some of the more important circuits suitable for the 
amateur station will be described. 




jy. 



Pia. 187. Armstrong's original regenerative circuit (or amplification of radio frequencies. 

PRACTICAL REGENERATIVE CIRCUITS.— Fig. 187 is Armstrong's 
original regenerative circuit. The plate circuit is coupled to the grid 
circuit at L-2, L-d. L-3 consists of several turns of wire in inductive 
relation to L-2 through which the amplified plate voltages are impressed 
upon the grid circuit for further amplification. If an untuned plate 
circuit is used and the coil L-i eliminated, the coil L-3 should have from 
35% to 75% of the inductance of L-2 for the longer wave. 
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Condenser C-S provides a path around the head telephone for the 
radio frequency fluctuations of the plate current. LA is a large turnip 
inductance which is not required at short wave lengths. In practical 
operation the signal is first tuned in with loose coupling between L-2, 
L-3, after which the coupling is made closer for maximum amplification. 




Deforest's ultra-audion circuits are shown in Figa. 188a and 1886. 
In the first diagram the secondary terminals of the receiving transformer 
are connected to the grid and plate of the tube rather than to the grid 
and filament, which is the more common connection. The condenser 
C-4, shunted by the head telephone P and battery B, provides electro- 
static regenerative coupling; that is, the condenser CA is chai^^ by the 
fiuctuatiDg voltages across the plate batteiy (and head telephone). The 
condenser discharges into the grid circuit amplifying the oseiUationi 
therein. 

The modified circuit in Fig. 188b has the "tickler" aril 5-1 which is in 
series with the plate circuit. Inductive regenerative coupling in addition 
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to the electrostatic coupling afforded by the condenaer is thus provided. 
These circuits may be used for the reception of arc or spark signala. 
Fig. 188fe is applicable to long wave lengths provided P-1 and S-1 have 
sufficient mutual inductance to keep the valve in oscillation at the lower 
frequencies. 




Pia.lM. Indueti™ regei 
re lensthg the indui 



Another way of using Armstrong's regenerative principle is shown in 
Fig. 189, where a "tickler" coil i-3 connected in series with the plate 
circuit is placed in inductive relation to the high potential end of the 
secondary coil L-2. The "tickler" may be cut in or out of the circuit 
by the switch W. When the switch is placed to the right, a "plain 
detector circuit" for the Marconi V.T. results, but when thrown to the 
left, regenerative amplification \s obtained. The regenerative connection 
will amplify the incoming signal about ^ix times. It is possible to design 
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the primary and secondary coils L-1 and L-2 of the tuning transformer 
so that for the range of wave lengths, 200 to 600 meters, tuning can be 
accomplished by the condensers C-1 and C-2 alone. This eiraphfies the 
mechanical construction of the receiving transformer. This circuit is 
recommended for long or short wave reception and is much used in govern- 
ment work. 

The regenerative circuit shown in Fig. 190 is widely used and seems to 
be preferred by the majority of amateur wireless experimenters for short 
wave lengths. Regenerative coupling is here obtained by connecting a 
terminal of the secondary coil L-2 to the positive terminal of the plate 
battery B. Accordingly, any fluctuations of e.m.f. across the battery, 
during reception of signals, react upon the grid circuit and thus pro- 
vide regenerative amplification. L-3 and L-i are small variometers, one 
in the grid circuit and the other in the plate circuit. They are used for 
the purpose of tuning. Amplification is obtained in any vacuum tube 
circuit by tuning the plate circuit as well as the grid circuit to the fre- 
quency of the incoming signal. The telephones P, in Fig. 190, are 
shunted by a small variable condenser C-4 which generally need not 
exceed 0.0005 mfd. This circuit is recommended for the Marconi V. T. 




The circuit shown in Fig. 191 was suggested by M. W. Stems and has 
been found good for reception of long or short waves. The plate in- 
ductance ir-1 and the series condenser C-1 act as the tuning elements of 
the antenna circuit and provide regenerative coupling. The path of the 
plate current is from the positive terminal of the battery B, through the 
coil L-1, to the plate of the tube; thence from the plate to the filament, 
through the head telephones P, and back to the negative side of the 
battery. Condenser C-1 should have a maximum capacitance of 0.0005 
to 0.002 mfd. For the Marconi V.T, the capacitance of thegrid con- 
denser C-3 should be about 0.0001 mfd. The grid leak B should have 
a resistance of 2 megohms. The dimensions of the coil L-1 will vary 
with the wave length to be received. 
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For short wave lengths many amateurs use the tuning circuits shown 
in Fig. 192 in which the primary and secondary inductances of the tuning 
transformer are the variometers L-1 and L-2. C-1 is a coupHng con- 
denser of variable capacitance. Although the secondary coil L-2 is 
shunted by a variable condenser C-2, the use of the condenser is not 
advisable at short wave lengths, for the distributed capacitance of the 
variometer L-2 is sufficient to establish resonance with the antenna 
circuit. 




FiQ. 193. SuapMed retei 



The plate battery B is shunted by a 10,000-ohm potentiometer P-1 
through which the plate voltage can be very carefully regulated. Al- 
though this circuit does not have a regenerative coupler, feed-back 
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amplification can be obtained by disconnecting the lotoer vnre of the sec- 
ondary from the filamenl, and attacking it to the positive pole of the B 
battery. A grid leak (not shown) should be employed. The circuit of 
Fig. 192 is recommended for short wave lengths. For long wave leugths 
variometers are not practical as tuning elements. 

A modified regenerative circuit is shown in Fig. 193 which is good 
for the reception of long or short wave lengths. The coils L-l and L-2 
may be one long coil tapped at the center as shown. The magnitnde of 
the regenerative coupling is varied by the switch S-l, the studs of which 
are tapped off L-2 say every 2". L-l is varied by a sliding contact or a 
multi-point switch. C-1 is a variable condenser of say, 0.0005 mfd, 
C-3 is a grid condenser of the usual dimensions and R a grid leak. C-2 
is a aeries variable condenser which will be found useful with long aerials. 
This circuit has been tested with the Marconi V. T. and has been found 
particularly suitable for short waves because of its simplicity. A series 
condenser should be placed in the antenna circuit, with aerials over 100 
feet in length. 




Fio. IM. WeacsDt'a "X" circuit ncdver luitable (or the reception of damped or undamped oadllBtiona. 

In regenerative circuits for the reception of long wave lengths the 
author prefers Weagant'a X circuit receiver shown in Fig. 194. The 
principal point of departure from other systems is the method of con- 
necting up the tuning elements of the plate circuit. 

The plate battery B-2 and head telephone P-\ are shunted Iw a 
variable condenser C-3 connected in series with a variable inductance L-3. 
This circuit will os(!lllate without coupling between the grid and plate 
circuits other than that furnished by the internal capacity of the valve 
itself; but in some cases, the coil L-3 should be near enough L-2 to provide 
externa! regenerative coupling. L-2 and L-3 may be separated 6' or 
8" in practice. For very long wave lengths a loading inductance should 
be connected in series with L-2, both this coil and L-3 havii^ lai^ values 
of inductance. This circuit has been found to give very good signals 
and it is recommended particularly for the reception of undamped wave 
signals because of the readiness by which stations can be "brought in." 
The dimensions of the coils for long waves will be given in the chapter 
following. If a grid leak is provided the circuit will be found very suit- 
able for the Marconi V. T. detector. 
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Audio frequency regenerative coupling may be obtained in the circuit 
of Fig. 195. The audio frequency voltages set up in the plate circuit 
during reception of spark signals are impressed upon the grid circuit 
through the transformer M. The ratio of transformation of this trans- 
former varies between 4 and 6. The impedance of the transformer 
should be given a value equal to, or slightly greater than, the internal 
resistance of the tube. An open core step-up transformer may be used 
instead. To by-pass the radio frequency currents of the incoming sig- 
nals around the secondary winding iS, the transformer must be shunted 
by a fixed condenser C-4 of about 0.002 mfd. 

Regenerative circuits for the simultaneous amplification of the radio 
and audio frequency component of the plate current have been devised. 
Such circuits have been used in practice but have been found somewhat 
unstable in operation. Some experimenters prefer radio frequency regen- 
erative coupling for the detector tube, further amplification being obtained 
by a two- or three-stage cascade audio frequency amplifier coupled to 
the plate circuit of the detecting bulb. Audio frequency regenerative 
circuite are not widely used in practice. 

A cascade amplification circuit of 7 stages now in common use was 
developed during the war. The first three tubes are connected in cascade 
for radio frequency amplification. The fourth tube is then connected 
for detection and the resulting audio frequency pulses in its plate circuit 
are amplified by a three-stage cascade audio frequency amplifier. Need- 
less to say, this circuit gives enormous amplifications. 

Any experimenter possessing the required number of valves can make 
up a similar circuit by studying the diagrams for radio and audio frequency 
amplifiers already given. It will perhaps prove an expensive experiment. 

The several regenerative circuits just shown represent only a small 
proportion of those proposed. Obviously many variations of the prin- 
ciple are possible. The question as to whether a cascade amplifier or a 
single bulb regenerative receiver is preferable is not difficult to answer. 
The cascade amplifier will be used when very great amplifications are 
required. But if lesser degrees of amplifications will satisfy conditions 
the single bulb regenerative receiver wUl be employed. 
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DIMENSIONS OF TUNING ELEMENTS FOR SOME REGEN- 
ERATIVE RECEIVERS.— The method of computing the required induct- 
ance and capacitance in a receiving circuit for any wave length has been 
explained on pages 169 to 173. 




Some suggestions and helpful hints regarding the regenerative circuits 
in Figs. 188 to 195 will be given. Suitable dimensions for Fig. 187 will 
be given in the following chapter. Figs. 188a and 188ft represent nothing 
unusual. The dimensions of the primary and secondary coils may be 
computed by the method already given, C-i in Fig. 188a has capacitance 
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of about 0.001 mfd. The dimensions of P-1, S-l vary with the wave 
length and can easily be found by experiment. 

Arno Kluge of California gives the following dimensions for the circuit 
of Fig. 189, if operated with an aerial whose natural period is about 175 
meters. The primary L-1 is a tube 3" in diameter wound with 30 turns 
of No. 22 d.s.c. wire. This coil wUl raise the wave length of the antenna 
mentioned above to 600 meters. The secondary L-2 is a tube 23-^* in 
diameter wound with 50 turns of No. 24 d.s.c. The "tickler" coil L-3 
is mounted on a ring that will fit over the ead of L-2 and is wound with 12 
turns of No, 18 annunciator wire in a groove % " wide. The winding consists 
of 3 layers of 4 turns each. The capacitance of C-4 is 0.0001 to 0.001 mfd. 

In connection with the circuit of Fig, 190, F. V. Bremer gives the 
following dimensions for 180- to 580-meter reception. The primary L-1 
is a cardboard or bakelite tube 3^" in diameter and 2]/^" long wound 
with 56 turns of No, 22 s.c.c, wire. The secondary is shaped like a 
variometer ball, is mounted in one end of the primary and contains 36 
turns of No. 22 s.c.c. 

The ball for the variometer in the grid circuit is 4}/^" maximum diam- 
eter at the center and tapers to 3" at the ends. It is wound with 32 
turns of No. 20 s.c.c. The stationary winding is ipi" inside diameter 
wound with 30 turns of No. 20 s.c.c. 

The plate circuit variometer L-4 has the same dimensions as that for 
the secondary but it has only 27 turns of No. 18 s.c.c. on the ball and 
25 turns on the stationary frame. The construction of variometers is 
treated on page 184. 

The circuit of Fig, 191 may be used for iTansmission and reception. 
Its range* is about ten miles, with one valve. The coil i^-l as constructed 
by M. W. Sterns, is a banked mndtng split into two sections. The wire 
is a Litzendraht cable composed of 42 separate strands of No. 36 B. & S. 
enameled wire with a double silk covering. A four-bank coil is employed. 
The first section has 50 turns wound on a tube 3" in outside diameter. 
A epacet of 5^" is left between this and the next section which is wound 
with 220 turns, with a tap at 55 turns, and another tap at the end of 
the coil. Sterns reports that the circuit, with this coil and a small 
variable C-1 , will function at wave lengths between 130 and 1850 meters 
with an antenna of 0.0005 mfd. 

For reception up to 18,000 meters, the coil L-1 in Fig. 191 should 
be 18' in length, 6" in diameter and wound full with No. 30 d.s.c, wire. 

For the variometers in Fig. 192, Carleton Howiler has given the fol- 
lowing dimensions: Each variometer consists of 2 cardboard cylinders, 
the inner one 4" in diameter, and 13^" long; the outer one 43^" in 
diameter, and IJ/^" long. Both are wound full with No. 26 s.c.c. wire. 
With the amount of inductance afforded by the primary variometer, an 
antenna with a natural wave length less than 200 meters will respond to 
wave lengths up to 600 meters. 

The dimensions of the coils L-l and L-2 in Fig. 193 can be calculated 
by the method described on pages 169 to 173. As mentioned before, the 
inductance may be one straight coil tapped at the center. For very close 
tunii^ the portion L-2, should be tapped every }^" or so, while the re- 

■TraiumittinK rsnce. 

tThia^i«« is left to reduce the diatributed capBcilance at the lonet wave lengthe. 
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maining portion L-l, preferably is fitted with a "unite" and "tens" 
switch. Condenser C-l may vary in capacity up to 0,001 mfd. For the 
shorter wave lengths capacities around 0.0003 mfd. are preferred. 

The dimensions of the coils in Fig. 194 will be given in the chapter 
on undamped wave reception. 




Bpecial iiid battaiv oi 



NEGATIVE GRID POTENTIAL.— The use of the "C" or grid battery 
has been shown in the diagram, Fig. 179. The requisite negative grid 
potential can be supplied by the "A" battery as shown in Fig. 196. A 
resistance P is cut in the negative side of the A battery and by moving 
the tap T along the resistance, the grid can be held at various negative 
potentials. A resistance of 1 ohm is generally sufficient. 

INTERVALVE TRANSFORMERS.— The design of intervake coup- 
lings for audio frequency amplification is a puzzhng matter to some 
experimenters. As already mentioned the impedaiice of these couplings 
must at least be equal to or greater than the internal impedance of the 
valve. To save the experimenter the trouble of carrying out the neces- 
sary computations dimensions will be given of trand'ormers that have 
been found suitable for commercial types of valves. 



iKkDOO niRNi Nt It tNUilELLED 




Fio. 197 Air core mUrvahe coupling tnntsformer far audio frequency amplification. A iMp-np ntb 

Fia. 19S Dimensiona of a '•mele coil coupliDR impedance ■uitable tot ■ cascade connection of Mutonl 

V.T'8 

Fig. 197 gives the dimensions of an air core step-up transformer ■ 
suitable for detector and amplifier bulbs such as used by the GoTemment. 
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The transformer is suitable for any bulb whose iutemal impedance is 
about 25,000 ohms. The core is a hard rubber rod J^' in diameter and 
3}4' long. The primary is wound with 5500 turns of No. 32 s.s.c,; the 
secondaiy with 27,500 turns of No. 36 s.s.c. It is a good transformer 
for amplifiers in radio telephony and may be used in the circuit of Fig. 186, 
The dimensions of the coupling impedance Jj-S in F^. 183 are given 
in Fig. 198. This coil is also suitable for Fig. 185 when using the 
Marconi V. T. 




T 



f # 




d Telepbone Co .'a «hall 

Fig. 199 gives the dimensions of a closed core intervalve transformer 
designed especially for the Marconi V. T. by the Federal Telegraph and 
Telephone Company. Because of the amplification obtainable and the 
small space it occupies this transformer is recommended to amateur 
experimenters. 

The transformer ia of the shell type and is wound with a step-up ratio 
of turns. The primary and secondary coils are mounted on the middle 
leg of the core. The core is built up of "E" shaped silicon steel punch- 
ings 14 mils in thickness. Thirty-eight pieces as shown in the detail C 
are required. 

The primary consists of 3900 turns of No. 44 enamelled wire and the 
completed coil has a diameter of about ^i". The secondary, which is 
wound immediately over the primary, has 12,000 turns of No. 44 enam- 
elled wire. The d.c. resistance of tie primary is 2200 ohms, and of 
the secondary 9150 ohms. 

The core punchings are compressed tightly by machine bolts passed 
through the corners. Small fiber blocks are mounted on the top of the 
core to support the binding posts for the primary and secondary terminals. 

A side view of the completed transformer is shown in the detail B, 
while A gives the general coil dimensions. These transformers give 
excellent amplifications at audio frequencies and the experimenter desiring 
a two- or three-stage amplifier giving high magnifications should use them . 
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All valves may be energized by one filament and one plate battery as in 

the diagrams previously shown. 

The experimenter will find it an extremely difficult matter to wind 
these coils with such fine wire and he is therefore urged to purchase 
them from the manufacturer. The Federal Company also makes an 
excellent radio frequency intervalve transformer which has been designed 
especially for the Marconi V. T. 

HOW TO DETERMINE THE IMPEDANCE OF INTERVALVE 

COUPLINGS. — The impedance of a circuit or coil is equal to the square 
root of the sum of the resistance squared and the reactance squared or, 



Z = -^ R'xX^ (63) 

The reactance of a circuit in ohms is obtained from the expression, 
X = 2TrNL (64) 

where JV = frequency in cycles 
and L = inductance in henries 



If the resistance of an intervalve coupling is measured on a Wheat- 
stone bridge and the inductance is computed or measured by any of the 
wefl known methods, then the impedance may be computed from for- 
mula (36) above. 

Take for example the single-layer solenoid of Fig. 198. R as meas- 
ured = 900 ohms. L as computed or measured = 20 henries (approx.). 
Hence at the frequency of 800 cycles. 



X= 628 + 809 +20 

= 100,500 ohms (appn».) 



Then 2 = V 900' x 100,500^ 
= 104,024 ohms. 



It is difficult to separate the reactance and resistance component of 

the impedance of an intervalve coupling, except by a laborious bridge 
measurement. The effective impedance of the primary, when the sec- 
ondary is loaded or unloaded, may be determined by the simpler method 
shown in Fig, 199a. Here the grid circuit of the vacuum tube is con- 
nected to the secondary S of the intervalve transformer, the primary of 
which IS coupled to an 800-cycle alternator. A pair of telephones P-1 
is connected in series with the input circuit. A double-throw switch S-\ 
is provided. This, when thrown to the right coimects the input cur- 
rent to the primary P, and to the left substitutes a calibrated 
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resistance box going up to 100,000 ohms or more. The intensity of 
signals is noted with the switch S-l thrown to P, and then the switch 
is thrown the other way and the resistance varied until a signal of equal 
intensity is obtained. The value of this resistance evidently is equal to 
the effective impedance of the transformer primary. The effective 
primary impedance may then be measured with the filament of the valve 
burning and the plate voltage and grid voltage adjusted to normal oper- 
ating conditions. 




Fic. igOs, Method of delerminiDc tbe eSective impedt 



It will be found that the effective primary impedance of certain 
valves varies widely for different grid potentials. It may vary from a 
value of 80,000 ohms with one or two volts negative grid potential down 
to 10,000 ohms with a half volt or so positive potential. The experi- 
menter may utilize this method in determining the impedance of any 
iuter-valve transformer he may happen to have at hand. 
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CHAPTER VIU 

UNDAMPED WAVE RECEIVERS— AUTODYNE AND 

HETERODYNE CIRCUITS— PREFERRED 

CIRCUITS— ROTARY CONDENSER 

RECEPTION OF CONTINUOUS OSCILLATIONS.— In amateur 
tranamitterB, the group frequencies of the antenna currents lie between 
60 and 400 per second. In commercial wireless telegraph transmitters, 
group frequencies up to 1000 per second are employed, A special airplane 
transmitter, developed during the war, is operated off a lOOO-cycIe gene- 
rator. The group frequency, in this case, is 2000 per second. The 
amplitudes of the antenna osdUations in damped wave transmitters are 
modulated at an audio frequency by the audio frequency charging current 
supplied by the high voltage transformer making it unnecessary to do 
anything more than rectify the receiver currents for response at the 
receiving station. 

In the case of undamped wave transmitters, the successive amplitudes 
of the antenna oscillations are uniform and to obtain response in the tele- 
phone they must be modulated at an audible frequency either by a 
"chopper" at the transmitter or by similar or other means at the receiver. 
The modulation of continuous oscillations is most conveniently effected 
at the receiver. The "likker," which is a current interrupter connected 
either in the antenna circuit or in the secondary circuit of a receiving 
transformer, is the simplest form of undamped wave detector. It takes 
the place of the crystal detector in the circuit for damped waves. 

Since the average telephone receiver gives best response when it is 
impulsed between 500 and 1000 times per second the "tikker" should be 
designed to interrupt the incoming radio frequency oscillations 500 to 
1000 times per second The telephones will then be enei^zed periodicaUy 
at a suitable audio frequency as in spark telegraphy. 

The phenomena of detection with a rectifier placed in seri^ with a 
"tikker," are shown in Fig. 200. The graph 0-1 indicates incoming 
oscillations of continuous amplitude, graph 0-2 the resulting groups when 
the incoming cycles are interrupted by a "tikker," graph 0-3 the rectified 
groups, and graph 0-4 the approximate telephone current. If the "tik- 
ker" interrupts the circuit 1000 times per second, 1000 groups of damped 
oscillations will flow in the receiving circuits where they are rectified by 
the crystal. The telephone will be impulsed 1000 times.* 

'For more detailed explanation o( the problemg in 
and undamped t>8cillBtionB, tlie leader should lesd tt 
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i. 201. Fuudsmeiiti 



le PoulKD ■■Utker." 



A Bimple circuit for the Poulaen "tikker" is shown in Fig. 201 which 
also gives a rough idea of its construction. In this case, it is a fonn of 
a commutator interrupter. Connection to the disc D is made by the 
brush B and the second brush A makes contact with the copper segments. 
The graphs in Fig. 200 do not show the phenomena involved when the 
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"tikker" is employed without a series rectifier. The only value of the 
rectifier is that it tends to smooth out the note in the head telephone. 

The primary and secondary coils of a receiving tuner to be suitable 
for the tikker should be made of low resistance conductor such as Lit- 
zendraht. The telephone condenser C-2 should have rather high capacity. 
Values of 0.01 mfd. arc often used in practice. 




Fio. 202. The "«lippiDg conlact" delector — a modified 



Another type of tikker or undamped wave detector is the "slipping 
contact" detector shown in Fig. 202. While the drawing shows the esseD' 
tials of construction the design may be varied in many ways. The disc 
or wheel W is mounted on the shaft of a small motor. One terminal of 
the secondary circuit is connected to the disc through the brush B-1 and 
the second terminal to the binding post D which supports an elastic 
piece of steel or copper wire B bearing lightly on the wheel W. When 
the motor is in operation, the wire B forms a contact of variable resistance 
which, during reception, varies the telephone current accordingly. 

The slipping contact detector gives a slightly clearer note than the 
tikker of Fig. 201. Both types are efficient and will permit undamped 
wave reception over comparatively long distances. The chief objection 
to the tikker is the poor note which it produces in the head telephone. 

HETERODYNE RECEIVER.— As already explained, in continuoua 

wave reception it is necessary to modulate the amplitudes of the incoming 
oscillations at audible frequencies at a rate suitable to the head telephone. 
Although the tikker provides a simple means of obtaining such modula- 
tion, it is done much more effectively by the so-called heterodyne receiver. 
The operation of this receiver is based upon the interaction of two alter- 
nating currents of different frequencies. It can be shown that if an 
alternating current of 50,000 cycles per second, for example, flows through 
a given circuit and if there ia superimposed on the circuit another current 
of a frequency of 49,000 cycles per second, the result will be a so-called 
"fceat" current with a frequency equal to the numerical difference of the 
two applied frequencies or 1000 per second. This principle is extensively 
used in undamped wave reception. 



>dbyGooglc 



Undamped Wave Receivers 



245 



Take for example, the ordinary receiving circuit for damped wave 
reception; if the frequency of an undamped signal ia 50,000 cycles and a 
detector circuit with asimple rectifier be employed, uni-direetional pulses 
of radio frequency will pass through the telephone receiver without emit^ 
ting a sound. But if the incoming oscillations interact with a locally gene- 
rated current of say 49,000 cycles 1000 beat currents will be set up in 
the receiver circuits and the amplitude of the d.c, pulses flowing through 
the head telephone will rise and fall 1000 times per second. 



WVWWWWW' 



VWWWWVi/" 




letorodyoe receivei. 



The characteristic phenomena of the beat receiver are best explained 
by the graphs of Fig. 203. Graph 0-1 represents a few cycles of incoming 
continuous osciUationa, and graph 0-2 indicates the cycles of a locally 
generated radio frequency current differing slightly in frequency from the 
current of the incoming signal. The graph 0-3 indicates the resulting 
beat currents which are radio frequency cycles with amplitudes varied 
at audible frequencies. The reader must bear in mind that the indi- 
vidual cycles of each group of beat currents occur at radio frequencies 
and that in order to obtain audible response they must be rectified as 
shown by the graph 0-4. The periodic telephone current is shown by 
the graph 0-5, 

In an earlier form of the beat receiver the local radio frequency cur- 
rents were generated by a Poulsen arc generator or a high frequency 
alternator, but the vacuum tube generator is employed in modern systems. 
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The vacuum tube generator is more suitable for this purpose than the 
Poulsen arc because it is 'ess difficult to obtain oscillations of any desired 
frequency with the tube than with an arc generator. A tube generator 
will oscillate steadily at frequencies from one cycle to 10 mUlion per 
second whereas the oscillations of the arc are apt to be rather unstable 
at the higher frequencies. 



KAT DETECTOR 




A practical circuit for the heterodyne receiver ia shown in Fig, 204. 
It is often called the external heterodyne because the local oscillations are 
generated by a source external to the receiving circuits. The tube gene- 
rator is shown in the left hand part of the drawing. The right hand part 
of the drawing shows the circuits of a vacuum tube detector, L-1, L-2 
is a tuning transformer and C-1 a shunt variable condenser. The grid 
battery and potentiometer are connected in series with the grid circuit 
and are shunted by a fixed condenser C-2. The grid battery is employed 
to maintain the grid at some negative potential most suitable for the 
detection of beat currents. If the Marconi V. T. is used in this circuit a 
grid condenser and grid leak may be employed instead of the grid batteiy. 
The remainder of the circuit is no difl^erent from the detection circuits 
previously outlined. 

It may prove helpful to explain how the vacuum tube (to the left of 
the drawing) generates radio frequency currents. It will be noted that 
the grid and plate circuits are coupled through the coil L which has a tap 
at the center. The upper half of L is the plate circuit inductance and 
the lower half of L the grid circuit inductance. C ia a variable condenser 
which in reality is shunted around the coil L; that is, it is common to both 
the grid and plate circuit inductance. The operation of the tube circuit 
is practically as follows: Assume that the potential of the battery £-4 



>dbyG00glc 



Undamped Ware Receivers 247 

is varied by any means: the intensity of tlie field surrounding the coil L 
is changed and an e.m.f. will be generated in the coil which will tend to 
increase the charge in the condenser C. C will then discharge through 
the coil L setting up radio frequency oscillations. Since the grid element 
G is tapped off a portion of the coil radio frequency potentials will be im- 
pressed upon the grid. The fluctuating grid potential will in turn vary 
the plate current and amplify the plate oscillations. Through the 
coupling afforded by the coil L, a still i^rcater oscillating voltage is im- 
pressed upon the grid which will increase the amplitude of the plate 
oscillations until the limits of the tube and circuits are reached. 

Practicafly all tubes will oscillate in a circuit of this kind, but the 
best results are obtained from tubes whose characteristic curves show a 
steep slope. With such tubes small changes in grid voltage will cause 
relatively large changes in the plate current. 

A convenient voltage for generating powerful oscillations with the 
Marconi V. T. is about +300 volts on the plate, and a grid volt^e of 
about — 18. The grid may be held at this negative potential by the grid 
battery, or the same result will be obtained by the use of a condenser and 
an adjustable grid leak. The Marconi V. T. will oscillate at much lower 
plate voltage with sufficient intensity for beat reception. 

When the taps on the coil L (one leading to the plate and the other 
to the grid} are set at some value of inductance and the capacitance of 
the condenser C is varied some upper value of capacity will be found at 
which the tube will cease to oscillate. The inductance in the plate and 
grid circuits must then be increased until oscillation is obtained. The 
correct proportions of inductance and capacitance are readily found by 
trial. 

The best results are obtained with the circuit in Fig. 204, when the 
primary and secondary circuits are tuned to the desired wave length by 
a wavemeter. The wavemeter should be excited by a buzzer and its coil 
placed in inductive relation to the earth lead of the receivers say at the 
coil Zf-3. The inductance and capacitance in both the primary and 
secondary circuits of the detector tube should then be varied until maxi- 
mum response is obtained from the buzzer indicating that the receiving 
set is tuned to the desired wave length. 

When adjusting the receiver by trial the operator should first ascertain 
if possible whether the station desired is actually sending. He should ■ 
then light the filament of the generator tube and adjust the voltage of the 
plate battery to normal operating values. The taps on the coil L should 
be placed where the tube will oscillate at a radio frequency slightly off the 
frequency of the incoming signal. The capacitance of condenser C may 
then be varied until a musical note is heard in the head telephone. 
From the heterodyne principle outlined above it is obvious that the 
frequency of the beat note can be varied over a considerable range. By 
varying the local frequency the operator can then produce a pitch suitable 
to his ears. Not only does the beat receiver permit the pitch of the 
note to be varied over a wide range of tones, but the heterodyne principle 
itself affords a marked degree of selectivity. 

Assume, for example, that when the frequency of the incoming signal 
is BOjOOO-cycles per second, and the local generator is set at 49,000- 
cycles, an interfering s^nal is received whose frequency is 49,500-cycles. 
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The 50,000-cycle signal will produce a lOOft-cycle beat note, and the 
49,500-cycle signal a 500-cycle beat note. If the frequency of the local 
generator be then set at 49,500-cycles, a zero beat note will result from 
the interfering station, and a 500-cycle beat note from the station desired. 

The circuit for the external heterodyne in Fig. 204 is recommended 
for experimental use. If an 8-stage, resistance-coupled amplifier pat- 
terned after that shown in Fig. 184 is employed instead of the single 
detection bulb shown in that diagram, undamped wave signals can be 
received over several thousand miles on small frame aerials consisting of 
a few turns of wire wound on a frame 4 or 5 feet square. 

The external heterodyne has a distinct advantage over the autodyne 
receiver which we will now describe. In the former the frequency of the 
beat note can be varied over a wide range without changing the tuning of 
the circuits of the detector bulbs; whereas with the autodyne circuits, the 
pitch of the beat note can only be changed by changing the tunii^ of the 
detector circuits. 

To make up a practical circuit like the one in Fig. 204 the experimenter 
may select primary and secondary coils for any desired range of wave 
lengths from the table Fig. 134. For very long wave lengths, say 18,000 
meters, loading coils should be connected in series with Z/-2 and L-1. 
The requisite inductance for the coil L (for long wave lengths) will be 
about 75% of that required in the secondary circuit (including the loading 
inductance). For stable oscillation the capacitance of the condenser C 
should not exceed 0.001 mfd. Suitable dimensions for a lor^ wave tuner 
are given in design No. 5, Fig. 134. 
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CIRCUITS FOR UNDAMPED WAVE RECEPTION.— As we have 
Baid, the circuits in Fig. 187 to 195 are applicable to undamped wave 
reception. The circuits following. Figs. 205, 206 and 207, are particularly 
suitable for such reception at long wave lungths. 

Fig. 205 is a modijied ultra-attdion circuit employing electrostatic 
coupling between the grid and plate circuits. It is claimed that with this 
circuit no difficulty is encountered in obtaining beat reception over a wide 
range of wave lengths. Fig. 206 is a simple Armstrong regenerative circuit 
with inductive coupling between the grid and plate circuits. Regen- 
erative coupling is provided by the tickler coil L-5 which is in inductive 
relation to the secondary coil L-4. Fig. 207 is Weagant's X circuit, 
recommended to the beginner because it is easily adjusted and very 
stable. Although an auto-transformer L-2 is used as a coupler, inductive 
coupling may be used as well. 

Coming now to the dimensions of the various coils. Design No. 5, 
Fig. 134 gives the dimensions of inductances suitable for the three circuits 
shown. It is not essential that these dimensions be duplicated. Coils of 
smaller diameter and greater length will do as well provided the necessary 
inductance is obtained. We find from Fig. 134 that the antenna coil L-l 
in Fig. 205 is 7" in diameter, 24* long wound with 923 turns of No. 24 
d.s.c. The primary coil L-2 is 1" in diameter, 14' long, wound with 
532 turns of No. 24 d.s.c. The secondary coil L-3 is 6' in diameter, 
14" in length wound with 742 turns of No. 28 d.s.c. Coil LA is 6' in 
diameter, 24" long, wound with 1856 turns of No. 32 d.s.c. 

The maximum capacitance of the variable 0-1 is 0.0005 mfd. C-2 
varies between 0.0001 and 0.0005 mfd. C-3 is of fixed capacity — about 
0.0005 mfd. C-4 is fixed and its capacity about 0.001 mfd. 

h-\ is tapped every two inches, L-2 every half inch, or the latter may 
be fitted with a "tens" and "units" switch. The units switch for example, 
should have 20 taps, with each tap connected to a single turn. The tens 
switch should have 25 taps each taking in 20 turns. The last tap obvi- 




bead telephone. 
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oualy will need to have 20+12 = 32 turns. Coil LS may be tapped 
every 2*; similarly coil L-4. For wave lengths above 15,000 meters a 
small variable condenser should be shunted around L-1 and L-2. For 
the Marconi V.T. the grid leak R has 2 megohms resistance. The A 
battery is of 4 to 6 volts, the B battery 60 volts. 

For the circuit in Fig. 206, L-1, L-2, L-3, L-4 have the same dimen- 
sions as in Fig. 205. The tickler coil L-5 should have approximately 
75% of the total inductance of the secondary circuit, for long wave 
lengths. It may be shunted by a small variable C-4 of 0.0005 mfd. 
Some designers wind the turns of L-5 in grooves on a narrow drum which 
just fits over the end of L-4. The turns are wound in multilayers. 
Three taps should be provided for L-5. These will be sufficient for the 
range of the longer waves used commercially. 

The coils L-4 and L-5 need not necessarily be mounted coaxially. 
Sufficient coupling is generally provided if the coils are stood on end 
near one another. The connections must be made so that the current 
alternates through L-5 in the direction to assist the oscillations in the 
grid circuit, and not to oppose them. 




•uellaiit draoit ler leosir- 



For the "X" circuit of Fig. 207 the coil L-2 has the same dimensioiiB 
as the primary in Figs. 206 and 207. L-5 should have the same dimen- 
sions as L-4, viz., 6" in diameter, 24' long, wound with No. 32 djs.c. 
L-l has the same dimensions as in Fig. 206. 

Beat reception may be obtained in the "X" circuit without coupUi^ 
between L-i and L-5 but it is an advantage with some valves to place 
these coils in mutual relation. The principal tuning in the circuit of 
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Fig. 207 is done at the variable condensers C-1 and C-3. 
circuit is tuned at L-1 and L-2. 




Fio. 20Ta. Crebo tj-pe CRT lone wave receiring Kt. Range 600 to 20.000 metcn. 

If the beginner is not well versed in the manipulation of beat receivers, 
he should use the circuit of Fig. 191, for in order to establish resonance 
with a transmitter it is only necessary to change the inductance of L-1 
and the capacitance of C-1. 




Fio. 20Tb. Shcnring 



iment o[ the sppaiatUB in the Or^M loDg wmve nt. 



DEFOREST HONEYCOMB INDUCTANCES— These coils were 
developed by H. F. Gowen and mark a distinct advance in the design of 
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tuning inductances. They are exceedingly compact and portiabie, and 
the losses are lower than in any other multilayer coil yet devised. They 
are suitable as primary, secondary and "tickler" coils and make excellent 
inductance elements for wavemeters. 




a. 2DS. Deformt hoiwycomb coils a 
b« used u ■ receiving set. Tb»e 
wtkve leogtha between 200 and 2S.( 



il mounling which pBrnuta tbam to 
ioua dies suitubla (or reception M all 



The winding of the honeycomb coil is peculiar in that it approximates 
a banked winding in one direction. The finished coil is cellular, the 
turns of one layer crossing the preceding layer always at an angle. This 
construction reduces the distributed capacitance to a minimum. One of 
these coils made of standard "htz," with a natural period of 1725 meters, 
had a direct current resistance of 20.4 ohms and a high frequency resist- 
ance at 23,500 cycles of only 33.5 ohms. This particular eoil had an 
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inductance of 64.5 millihenries and oscillated at 15,250 meters when 
shunted by 0.001 mfd. The advantage of such coils over the more 
common types will be readily understood from the following. 

A single-layer solenoid for iong wave lengths, as is apparent from 
Fig, 134, is a cumbereome affair and requires a great deaj of space for 
mounting. A plain multi-layer winding ia out of the question for radio 
reception at long wave lengths because of the excessive self-capacity of 
such coils. To reduce the self-capacity of multi-layered coils the turns 
are banked as explained on page 201. The construction of a banked coil 
presents many difficulties to the unskilled builder and hence he ia apt 
to resort to the more readily constructed single layer solenoid. 

The former chief objections to multi-layered coils as regards losses, 
etc., have been done away with in the Deforest cellular coil. In addition 
the honeycomb inductance provides a notoriously small coil even for the 
longest waves. 

Fig. 208 will give the reader an idea of the assembled coil and also 
a special mounting which has been devised so that three coils may be 
used as a receiving coupler for damped or undamped wave reception. 
Representative circuits for their use will follow. It is to be noted that 
the coils are of fixed inductance and wave length variation is secured by 
either a shunt or a scries condenser. 

From the table Fig. 208a the amateur is enabled to select coils 
suitable for the range of the wave lengths which he desires to cover. 

The experimenter may devise numerous circuits for either the two- 
coil or three-coil mounting. Fig. 209a is a regenerative "tickler" cir- 
cuit to which the honeycomb coils are admirably adapted. Coil L-1 is 
the primary which is shunted by the variable condenser C-1, L-2 is the 
secondary shunted by C-2. The tickler coil L-Z is connected in series 
with the plate circuit. The standard three-coil mountii^ permits the 
coupling between L-1 and L-2, and between L-2 and L-3 to be rouiily 



For best results the tickler L-3 should have from 35% to 75% of the 
inductance of L-2. The variable condenser CA (in dotted lines) may 
be shunted around B alone or around B and P. 

The proper coils for definite ranges of wave length with any circuit 
can be selected from the foregoing table and the table following. For 
reception from high power stations operating between 8,000 and 15,000 
meters, with an antenna of 0.001 mfd. the coil in the table marked Zr-€00 
has about the correct inductance for the primary L-l of Fig. 209a. 
Either L-750 or L-1000 is about right for the secondary L-2, and Zr-300, 
L-400, or L-500, for the tickler coil L-3. 

To ascertain the size of an antenna coil for a definite range of wave 
lengths, the amateur may first measure the capacitance of luia antenna 
according to the process described on pages 169 to 173. He may then select 
a suitable loading inductance for any wave length from the foregoing table, 

using the relation X = 59.6VLCorL = og-oyA ' In these formulae 

L is expressed in centimeters and C in microfarads. The formulae, 
for all practical purposes, apply to the antenna circuit as well as to the 
closed circuit. 

If desired the identical coili can be used for the primary and Becondary. 
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If by this selection the primary proves too large for resonance with a given 
transmitter, the wave length can be lowered by a series variable con- 
denser. The best method ia to connect a switch in the circuit so that 
the condenser C-1 can be placed either in series or in shunt with the 
primary L-1, 

In the modified circuit Fig. 2096, L-1 and L-2 are used as a vario- 
meter and the antenna wave length is varied by changing their mutual 
inductive relation. When the coils are close together and the current 
circulates through them in opposite directions their total self-induction 
will be a minimum. If the connections to one coil are reversed their self- 
induction will be a maximum. When the coils are placed at any angle 
the inductance of the variometer varies accordingly. This differential 
mounting of the coils plus the frequency variation afforded by the shunt 
condenser C-1 gives a considerable range of wave lengths. 

The secondary circuit of Fig, 209b is the uUra-auditm circiiit. The 
terminals of the secondary tuning coil are connected to the grid and plate 
of the Marconi V. T. rather than to the grid and filament. For 2500 
meter reception, L-3 may be the coil marked Z/-300 for a shunt condenser 
of 0,0005 mfd., and L-1 and L-2 may each be the coil marked L-lOO or 
L-150. . L-1 and L-2 each has less inductance than L-Z, for the maxi- 
mum inductance of L-1 and L-2 used in this way is very much greater 
than that of either coil alone. 

Fig. 209c is a simple detection circuit in which the honeycomb coils 
h-\ and L-2, are used again as a variometer. A single coil, with a series 
antenna condenser will suffice for some ranges of wave length. 

Fig. 209d ia the Stern's circuit which has been shown before. The 
coils L-1 and L-2 are used as an antenna variometer. For very long 
waves each may be the coil marked L-1000. For long wave reception 
with very small aerials, the coils Z/-1500 or L-1250 should be used. 
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"Fig. 209e is a differential circuit for interference prevention which has 
been found of some value. For moderate wave lengths, coils L-1, L-2 
and L-3 may be identical. The primaries should at least have the same 
inductance. The experimenter can effect numerous other combinations 

It is not difficult for the experimenter to select the proper secondary- 
coil for any range of wave lengthg as all the necessary data appears in 
the foregoing table; but he should use wisdom in selecting the primary 
coil as is shown in the following brief discussion. 

Assume, as an illustration, that with an inductively coupled set the 
maximum wave length desired is 15,000 meters: CoU L-7B0 will be 
satisfactory for the secondary, although if a secondary condenser smaller 
than 0.001 mfd. be available, coil i^lOOO or L-1250 should be used. To 
point out the possibility of error in the selection of a primary coil 
assume that 1^750 has been selected. If the capacity of the amateur's • 
aerial is 0.001 mfd. the shortest possible wave length in the antenna circuit 
mthout a series condenser with this coil will be 15,000 meters. In that 
case it would be preferable to select a smaller coil for the primary, say 
L-600 or one even smaller, so that a shunt primary condenser may be 
used for tuning purposes. Consideration of the fact« presented in the 
chapter on receiver design will show the amateur how to make the neces- 
sary computations for these circuits and enable him to select the correct 
coil for any conditions of service. 

The table following, Fig. 209/, will be of particular interest to the 
amat«ur. It shows the proper coils for the circuit of Fig. 209a, to cover 
all existing wave lengths. The capacitance of the antenna is assumed 
to be O.OCSe mfd. the capacitance of the primary condenser 0.001 mfd. 
and of the secondary condenser 0,0005 mfd. 
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ROTARY CONDENSER— The method devised by the author 
utilizes a specially constructed rotary condenser mounted on the shaft 
of a small d.c. or a.c. motor. The condenser should be designed to throw 
the circuits in and out of resonance, say 350 to -600 times per second. 

Connected in the circuit of Fig. 210a, the rotary condenser functions 
as follows: When the condenser C-2 passes through the value of capacity 
necessary to establish resonance, currents flow through the rectifier JD 
and the head telephone P. When the condenser passes through values 
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of capacity off resonance the amplitude of the currents in the detector 
circuit is decreased. Hence the telephone is energized periodically at 
an audible frequency, which is determined by the number of r 
points passed per second. 




*]{} . ' 



«: 



Fia. Zina. A rotHTy condeDKr used u ■ detector of undamped OHUlationa aa first employed by the 



In practice, the mtary condenser is shunted by a smaU stationary 
variable condense. The capacity of the latter is adjusted near to reson- 
ance and the rotary condenser will give the required increase of capacity 
to establish resonance.* The correct proportions between the two 
capacities are found by trial. 

The condenser C-2 must be insulated from the shaft of the driving 
motor and the motor enclosed in a metal box grounded to earth, for 
otherwise inductive interference will be obtained in the head telephones. 




Fig. 2106 shows one circuit devised by the author using a 2-electrode 
and a 3-electrode valve for detection and ampUfication. The 2-electrode 
valve rectifies the groups of radio frequency currents which are produced 
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by the rotating condenser and audio frequency voltages are therefore 
impressed across P, and transferred to iS after which they are ampUfied 
by the 3-electrode valve. The batteries B-2 and fi-3 are employed to 
adjust the grid potential and plate voltage of the 3-electrode and 2-elec- 
trode valve, respectively, for maximum amplification. 




Fia.210c. Shoring th< 
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Pig. 21 Oc is a suggested plan of construction for the rotary condenser 
and Fig. 210d a detail of the motor shaft mounting. Two stationary 
condenser plates connected in parallel are arranged at 8 points around a 
circle and mounted on a fibre base. They are connected together with 
a wire leading to a binding post for connection to one terminal of the 
secondary of the tuning circuit. The rotor R, consisting of two plates 
of substantially the same dimensions as the stationary plates, is mounted 
on the shaft of the motor by the sleeve S. Contact with the rotor is 
made by the screw point Ri which engages the end of the rotor shaft. 
R, is supported by the brass binding post B-l and the stationary plates 
by the fibre base and support B (see side view). "The remaining details 
are left to the builder. The motor should rotate at least 4000 r. p. m. 



, 'ROTOR PLATES 




Fia. 210d. Details of the rotor shaft snd plamiw. 

Because of the high speed of the rotor the construction should be 
rigid. The plates on the rotor should by no means be soldered to the 
sleeve S. They are preferably clamped between two rings as shown in 
the detail Fig. 2l0d. An insulating coupling between the motor and 
the rotary condenser is shown at H, Fig. 210c. 

The preliminary adjustment ia less difficult if one variable condenser 
is connected in series with the rotary condenser and another in shunt. 
This permits a closer regulation of the variation of capacity around the 
point of resonance than can be obtained by the rotary condenser alone. 

A rotary condenser of modified construction is shown in Fig, 210e 
and it will be seen from this that the construction is similar to a rotary 
spark gap. The rotor B is a solid brass casting. The face of the tips 
of both the stationary electrodes A and the rotating electrodes on B are 
about 1' square. They should not be separated more than 0.01". The 
disc must be insulated from the motor shaft. The maximum capacitance 
between all opposing surfaces is aljout 20 mmfds. which gives sufficient 
variation around the point of resonance to make undamped signals audible. 
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The design shown in Fig. 210e is substantially the author's idea as 
worked out by the U. S. Navy and used on their radio compass sete. 
As used by them it ia called a tone condenser but it is employed as shown 
in the author's original patent specification. The rotor is mounted on 
a jack shaft having a variable speed pulley which in turn ia belted to 
another variable speed pulley which is driven by a motor through a 
flexible cable such aa used on speedometers. There are ten opposing 
surfaces and the rotor is driven 6000 r.p.m. The use of this condenser 
is absolutely essential in undamped wave reception at short wave lengths 
between 60 and 400 meters where the heterodyne ordinarily would be 
employed. The operation of the beat receiver at very high frequencies 
is attended by great difliculties for the shghtest change of capacitance in 
the circuits will throw the beat note beyond the limits of audibility. In 
the rotary condenser method the incoming oscillations are modulated at 
an audible irequency, mechanically, making reception Independent of 
any slight changes of frequency. For short wave lengths a capaaty 
variation of 20 micromicrofarads is sufficient to produce signals, but for 
the longer waves used by high power stations a rotary condenser of 
higher capacity such as shown in Fig. 210c is essential. The dea^ in 
Fig. 210e ia appropriate for undamped reception at 200 meters, ucdng, 
say, a vacuum tube transmitter. 
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CHAPTER IX 

UNDAMPED WAVE TRANSMITTERS— WIRELESS 
TELEPHONE TRANSMITTERS— MODULA- 
TION CIRCUITS— COMBINED DAMPED 
AND UNDAMPED WAVE BULB SETS 

The principle of the vacuum tube generator has been explained in 
connection with the heterodyne receiver. The fundamental circuits of a 
tube generator are shown in Fig. 211. Any variation of voltage at the 
B battery will cause the circuit L-2, C to oscillate at a radio frequency 
governed by the product of L-2, C. L-l is then subjected to radio fre- 
quency potentials which vary the grid potential and amplify the plate 
oscillations. This process will continue as long as conditions in the circuit 
remain constant. It sometimes aids in securing stable oscillation to place 
one of the taps so that it will include a few turns of L-l. 

The purpose of the grid condenser in this circuit is to maintain the 
grid at a favorable negative potential, the magnitude of which is governed . 
by the variable resistance leak R, Values between 15,000 and 25,000 
ohms will be suitable for the average valve. 

It should no\f be clear that if the condenser C be replaced by an aerial 
and earth wire, radio frequency currents will flow in the antenna ^stem, 
and the tube may be used for the transmission of telegraphic and tele- 
phonic signals. 

For telephony the antenna oscillations are modulated by a miaiijAone. 
For telegraphy by damped oscillations, the antenna oscillations are modu- 
lated at audible frequencies by a buzzer which may be connected in the 
earth lead. For telegraphy by undamped oscillations, a key may be placed 
in the earth lead or in shunt to a few turns of wire connected in the earth 
lead. Signaling is then effected by varying the wave length as in arc 
systems. 

A tube generator constructed in accordance with the diagram in 
Fig. 211 will be found extremely useful around the laboratory as a 
source of steady oscillations of any desired frequency for measuring pur- 
poses or for beat reception. (Note also the slightly modified circuit, F^g. 
218.) 

A single Marconi V. T.* operating on 20 to SO volts plate battery is 
suitable for work which requires small amounts of energy, as in radio 
receiving investigations, or for the production of local oscillations in the 
external heterodyne system. For use in calibration work where s' "" 
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energy is required to actuate a thermo-couple and a reflecting galvan- 
ometer, three tubes in parallel, operating on about 500 volts plate battery 
are desirable. As an indicator in such work, a heater type thermo-couple 
galvanometer of about 1 ohm heater resistance with reflecting galvan- 
ometer of about 12 ohms resistance (and a 4 to 5 second period) are rec- 
ommended . 

Very accurate radio measurements can be carried on with such an 
outfit. Where it is desired to actuate a portable instrument such as a 
hot wire milliarameter or a Weston thermogalvaoometer, four tubes in 
parallel and plate voltage of about 200 are recommended. 




AMATEUR WIRELESS TELEPHONE TRANSMITTER— A radio- 
phone set designed for use with an antenna of about 0.0004 mfd, and 
utilizing three Marconi V, T.'s in parallel is shown in Fig, 212. Although 
three tubes in parallel are indicated it is possible to use one or two 
tubes in the same circuit as well.- This circuit is perhaps the most 
eflScient one that can be devised for the Marconi V.T.for transmission 
at short wave lengths. The amateur experimenter can easily construct 
all of the component parts. His chief difficulty will be to obtain the 
necessary plate voltage." 

In the diagram, G is a d.c. generator of from 100 to 600 volts. Three 
hundred volts is a good working value for amateur transmission but 
increased antenna current wiU be obtained with higher plate voltages. 
The generator G is shunted by the condenser C-3 of one mfd, capacitance, 
which tends to smooth out the conmiutator ripple of the generator. Two 
standard two mfd. telephone condensers connected in series will prove 
satisfactory. 

The condenser C-1 connected in series with the earth lead and the 
grid condenser C-2 each have a capacitance of 0.0003 mfd. Either mica 
or air condensers may be employed. For condensers with air spacings 
between plates there should be a separation of j4' between the plates 
to prevent sparking. The fcafc ff, should have resistance of approximately 
12,000 ohms. A wire resistance unit of this type may be purchased 
from the Ward-Leonard Company. Carbon rods are not very suitable 
for this purpose as they have a tendency to vary their resistance. 

Continuing the description of the circuit, A/ is a standard low Tesist- 
atice microphone such as used in wire telephony, which is shunted by coil 
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L-3 consietiiig of 10 turne of No. IS bare wire, wound on a tube 2' in 
diameter. The turns are spaced }4'- The function of the coil Zr-3 is 
to shunt a portion of the antenna current around the microphone as it 
is not necessary to pass the entire current through it. 

For telegraphic transmission by undamped waves s key may be 
placed directly in series with the antenna circuit. For damped wave 
transmission, switch S is thrown to the right, cotmecting the bre^^er 
contacts of the buzzer B in series with the antenna circuit. If the 
buzzer interrupts the antenna currents 500 times per second, 500 groups 
of damped waves will be radiated from the antenna. This makes theaet 
of more practical use for communication, which by this arrai^ement can 
be established with receiving stations fitted with detectors which ore only 
suitable for the reception of damped leaves. 

The coils of the transformer L-l and L-2, which are in variable 
inductive relation, have been designed to "adapt" the antenna circuit 
to the output circuit of the tubes, thus giving the maximum degree of 
efficiency . Maximum antenna current will be obtained for some definite 
coupling which may be found by trial. 

The coil L-l is wound with 20 turns of No. 18 annunciator wire 
on a cardboard tube 5}4'' in diameter and it is tapped every second 
turn. Coil L-2 is wound with 60 turns of No. 18 annunciator wire on 
a tube 5' in diameter. Maximum antenna current is usually foand 
with the coil L-2 placed mside of L-l, i.e., with close coupling. 
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The preferred process of tuning this set is to vary the turns on L-t 
until the desired wave length is obtained. Then adjust the coupling 
between L-1 and L-2 until maximum antenna current is obtained, as 
noted by the aerial ammenter j4-l. The meter should have a maximum 
scale reading of 1 ampere. A simple hot wire ammeter will do, but a 
thermo-couple type of ammeter is preferred. As a preliminary test of 




the ability of the transmitter, to observe when good modulation is ob- 
tained, a receiving set may be set up within a few feet of the transmitter. 
At the wave length of 200 meters &ty miles can be covered in favorable 
locations- 

The antenna currents to be expected with aerials havii^ capacitances 
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between 0.0002 and 0.0005 tnfd, and antenna resistances of 4, 8, and 12 
ohms are shown in the curves of Fig. 213. It will be noted that with s 
plate voltage of 375 volts and an antenna of 4 ohms, the antenna current 
is about 0.65 ampere. 

The data for these curves was obtained with the microphone short- 
circuited and they in reality indicate the currents available for telegraphy. 
Because of the resistance of the microphone {10 ohms) somewhat lower 
currents are obtained when it is connected in the circuit. 

The plate current for three tubes at 300 volts lies between 20 and 
30 milliamperes. The power in the plate circuit is therefore approxi- 
mately 300X 0.025 = 7.5 watts. The filament current is 3X 0.8 = 2.4 
amperes. 

If this three-bulb transmitter be used in connection with the three- 
bulb cascade amplifier of Fig. 183, the telegraph range will be 100 miles 
and the telephonic range about 50 miles. Greater distances will probably 
be covered under favorable conditions. 

Flash light batteries are recommended as a source of plate, voltage 
when the Marconi V. T. is used as an oscillation detector. They are also 
suitable when the tube is used as a low power generator for heterodyne 
reception. These batteries can be purchased in 25 volt units. The cells 
should be placed well separated from one another in a moiatuTe proof cotv- 
tainer. It is a good plan to purchase fairly large size flash light batteries 
and place them in a wooden box well separated from one another. MoUen 
■paraffi-Tie should then be poured into the box to cover the cells completely. 
I^eads may be brought from each cell to a set of binding posts on the top 
of the box. These posts should be mounted on porcelain knobs to insure 
against surface leakage. When a particular cell dies its terminals can 
be short circuited, permitting the use of the remainder of the cells. 

Batteries are suitable as a source of plate e.m.f . in transmitting sets, 
but in the long run it will probably be cheaper to make up a motor gen- 
erator set for this purpose. A simple and inexpensive means to obtain 
a source of plate voltage is by driving a small 220-volt d.c. motor with 
H h.p. motor, such as the amateur uses to drive rotary spark gaps. 
The motor is, of course, used as a generator, and if the speed is increased 
above normal 300 volts may be readily obtained. If a source of 220 
volts d.c. is available it will be found quite suitable both for the filament 
and for the plate voltage. The filament circuit should have a resistance 
in series of sufficient value to reduce the filament current to normal value. 
Caution should be exercised in handling a circuit of this kind. Since 
the ■potential of the generator is 300 vdts, a fatal shock may he (Mained. 

The advantage of the tube transmitter over the spark transmitter is 
as follows: Forced to use the wave length of 200 meters, with spark 
transmitters, the amateur is compelled to adopt circuit constants to which 
spark transmitters do not readily lend themselves. The bulb sets, how- 
ever, will work efficiently at wave lengths even below 50 meters. 

During the war considerable transmission was carried on with waves 
of the order of 50 to 150 meters. With the comparative absence of static 
interference on these short wave lengths and with tube transmitters and 
amplifying receivers a new field for investigation in wireless transmission 
is opened up to the experimenter who has a scientific turn of mind. The 
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results obtained with such traDsmitters should be recorded and published 
in magazines for the benefit of other experimenters. 

COMBINED TRANSMITTING AND RECEIVING RADIO 
TELEPHONE SET.— As already suggested, the cascade amplifying set 
of Fig. 183 may be combined with the three-bulb transmitter of Fig. 
212 to make a complete radiophone. When separate bulbs are used for 
the transmitter and receiver a simple single-blade, double-throw antenna 
switch or a double-contact strap key will suffice to change from transmitting 
to receiving. The same bulbs may, however, be used for either purpose. 
This demands a complicated change-over switch wluch will transfer the 
bulbs from one circuit to the other. 




luiti of n(. 213. 



The essential connections of such a switch to combine the circuits of 
Figs. 183 and 212 are shown in Fig. 214. A 14-blade double-throw 
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switch ia required. When this is thrown to the righ£ the detector and 
two-etep amplifier circuit of Fig. 183 results; when thrown to the left 
the transmitter circuits of Fig. 212 result. The notations in Fig. 214 
correspond to those in Figs. 183 and 212. 

It is even necessary to transfer the grid leaks. Thus when receiving, 
the two lower right hand blades of the switch connect the grid leaks of 
the two ampUfier bulbs to earth. When transmitting, these leaks are 
removed from the circuit as the leakage for all tubes is provided by the 
10,000 ohm leak fl-3 shown in the upper left hand part of the drawing. 

It was not thought that a switch of this type would be adopted. The 
ingenious and resourceful experimenter will design some form of a rotary 
switch providmg a more rapid change from the transmitting to receiving 
positions than that which the common d.p.d.t. switch affords. 

If the experimenter has not the tools or materials with which to con- 
struct a switch of that type he can purchase 7, d.p.d.t. switches for the 
purpose. He should remount them in such a way that a small throw of 
the lever will permit the use of either circuit. The base of this switch 
must be made of extremely good insidaling material to insure against 
surface leakage. 

If the entire set is mounted on a panel the leads connecting the various 
instrupients should not be bunched but kept fairly well separated. 

It is ajar more practical scheme to provide three bulbs for the trans- 
mitter and three for the receiver. The chief trouble which may be met 
with in the circuit of Fig. 214, is the fouling of the switch contacts. 
A well built switch with positive contacts must be provided. 

A serviceable switch for shifting these connections would be one of 
the magnetic type fitted with platinum contacts Uke those used on 
switches in telephone work. The throw of the armature need be no more 
than M" to 3^'. The switch could be operated by a push button and 
a small battery providing a very rapid shift of circuits. 

MODIFIED RADIO TELEPHONE TRANSMITTER.— The circuit 
of Fig. 215 is substantially a duplicate of that employed by the U. S. 
army in the European war. It will give good results with small tubes 
of high vacuum. The first tube marked V. T. No. 1 is the oscillator 
which is connected up regeneratively for the production of radio fre- 
quency currents. The second tube marked V. T. No. 2 is termed the 
modulator. This amplifies the speech currents generated by the micro- 
phone M and modulates the plate current of the oscillator bulb at speech 
frequencies, L-l is a direct coupled oscillation transformer fitted with 
primary and secondary taps for tuning purposes. C-3 is the plate 
blocking condenser to keep the high voltage of the generator off the 
antenna circuit. Its capacity is about 0.01 mfd. although 0.1 mfd. has 
been used. C-2 is the grid condenser which, because of rectification 
between the grid and filament, maintains a negative potential on the grid. 
The magnitude of the grid potential is limited by the leak R which varies 
from 10,000 to 20,000 ohms. C-1 is a coupling condenser of the rotary 
plate type with sufficient spacing between plates to prevent sparking. 
Its maximum capacitance need not exceed 0.002 mfd. L-2 is a radio 
frequency choke of about 13 millihenries, which prevents the radio 
frequency oscillations flowing through the d.c. generator. 



>dbyGooglc 



Dndamped Wave Trausmittera 209 

The Beriea plate choke L-3 varies from Z^ to 15 henries, depeoding 
upon the type of tube employed. Dimensions for Ir-3 will he eiven 
later. P-l, S-1 is a telephone induction coil of either the open or closed 
core type. For experimental work one of the type used commonly in 
land Ime telephony is serviceable. B is a 4 to 6 volt microphone bat- 
tery. The microphone is one of the type used in wire telephony. 

C-i is a shunt protective condenser of 0.1 mfd. capacitance. B-1 is 
a grid battery to hold the grid of the modulator bulb at a negative poten- 
tial. The required negative potential can be obtained by tapping a 
resistance connected in the negative side of the line leading from the 
generator. 



w 



'^teMvuW^ 







For transmission at amateur wave lengths the antenna coupling coil 
L-1 may be wound on a cardboard tube (previously soaked in molten 
paraffine) 6' in diameter. The coil consists of 40 turns of No. 18 an- 
nunciator wire or an equivalent Litzendraht conductor. The antenna 
side of the coil should be tapped every third turn after the 20th turn 
from the bottom. The primary side {the right hand tap) should be 
tapped every 2 or 3 turns for about 25 turns. Bulbs having 4-volt 
filaments operate satisfactorily in this circuit. The voltage of the gen- 
erator G may be anything from 220 to 600 volts depentSng upon the 
"hardness" of the bulbs. 

The circuit functions as follows: When both bulbs are lit to incw- 
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descence and the plate current is turned on the greater amount of cur- 
rent flows from the plate to the filament of the oscillator bulb. The plate 
circuit of the modulator bulb is in parallel with the oscillator, but its 
grid is held at some negative potential by the grid battery B-1. 

When the microphone is spoken into, alternating currents of speech 
frequency flow in the secondary S-l, varying the charge on the grid G-2. 
This, in turn, varies the plate to filament current in the modulator bulb. 
An increase of current through the modulator bulb causes a decrease in 
the plate current of the oscillator bulb and vice versa. These variations 
occur at speech frequencies causing the amplitudes of the antenna oscil- 
lations to be modulated at the same frequencies. 

The adjustment of a set like this is not difficult. Firat, turn out the 
filament of the modulator bulb, set the generator in operation, and vary 
the antenna inductance with the primary tapset at some point. Change 
the inductance at P until maximum antenna current is obtain^. 
Then, vary the resistance of the grid leak between 10,000 and 20,000 
ohms. Now, light the filament of the modulator tube and then re-tune 
the plate and antenna circuits for maximum current. Next, adjust the 
potential of B-1, and adjust the tap on potentiometer P (400 ohms). 
Speak into the microphone M trying various grid potenti^s. Have an 
observer listen in on a receiving set to note when the best adjustments 
are secured. 

It may be well to vary the potential of the microphone battery B. 
When the correct adjustments are once found they are not difficiut to 
maintain. 




' Thdio telegnphy uid telephooy. Dinot 



In regard to the choke Z^3: Its dimensions vary somewhat with 
tubes of different characteristics. One that has been found suitable for 
use with transmitting tubes has the following dimensions. The core IB 
IM" ^ ^H" ^ ^H" and is covered, first, with a sheet of 10 mil ropetag 
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Siper, then with a layer of 10 mil empire cloth, and finally with another 
yer of ropetag paper. Paper insulation of 5 mils is placed between 
layers of the winding. The total winding consists of 8450 turns of No 
29 enamel wire, and there are approximately 615 turns ger layer. 

The core is made of strips of iron i^g of an inch wide, 8H' long and 
14 mils in thickness. About 62 pieces will be required to make a core 
of the dimensions given above. The resistance of this coil is 150 ohms 
and its reactance about 11,000 ohms at the frequency of 500 cycles. 
The circuit of Fig. 215 is suitable for bulbs of greater power, but the same 
number of bulbs are required for the modulator circuit as for the oscil- 
lating circuit. 
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a. 218. TMUum tube oadlktoT for lue Id eiperimeDtal work. By varying the inducUnn dC 
and tha capadtr ot the ihunl condBiuei C-1 oacLll&tioiit of any desind frequency may b* obti 



Additional valve transmitting circuits of practical importance are 
shown in Figs. 216 to 218. In Fig. 216 the source of plate e.m.f . is con- 
nected in series with the plate circuit whereas, in Fig. 215 the terminals 
of the plate circuit generator go direct to the plate and filament. 
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The anteDDa circuit in Fig, 216 ia tapped ofE the coil L by taps D and 
E. Taps A , B and C permit the most favorable coupling for maximum 
antenna current. Fig. 217 is the same circuit with inductive coupling. 

Fig. 218 shows the circuits of a good laboratory oscillator which may 
be designed to generate currents of any frequency. In practice it will 
be found that the oscillations cease when the capacity of C-l for a given 
inductance is increased beyond some value. It is then necessary to 
select a larger value of inductance in order to maintain oscillation — and 
this explains the use of taps D and E. 
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FiQ. 210. Panel wireleag telephone » 



IK the drctdti of Fig- 213. 
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With the Marconi V. T. a grid condenser and a gpd leak should be 
used. With this circiiit a. small ammeter with a maximum scale of 0.5 
to 1 ampere should be connected in series with C-1 to determine the 
strength of the oscillations. C-1 has capacitance of 0,0005 to 0.001 mfd. 
For wave lengths up to 2500 meters, the coil in Fig. 218 may consist of 
a single layer of No, 26 s.c.c. wound on a tube 4* long, 4' in diameter. 
The winding space is S^^" with 175 turns. A proportionately greater 
number of turns must be provided for tor^er wave lengths. The capac- 
itance of C-4 is 1 mfd. 




Fia. ZZO. Side view of Che panel set o( Fig. 



PANEL RADIO TEISPHONE SET.— A suf^ested plan of panel 
transmitter using three Marconi V. T.'s in accordance with the circuit of 
Fig. 212, is shown in Figs, 219 and 220. The former is a front view, the 
latter a side view. It is possible to vary these approximate overall di- 
mensions for the panel without sacrifice of efficiency. The position of 
the instruments may be changed to suit the builder. The panel board 
should be of some first class insulating material such as bakelite, dilecto 
or transite asbestos wood. 
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The insulating tubes or forms for the oscillation transformer should 
be made of bakelite or some similar insulating material, but cardboard 
tubes soaked in molten paraffine will do as well. The rod which varies 
the transformer coupling should not be of metal but of some insulating 
materia such as hard rubber. 

The Marconi V. T.'s are mounted on the front of the panel so that 
the filament temperature can be judged by sight, if an ammeter is tacking. 
The inductance variation switch on the top of the panel has 10 taps leading 
to every second turn of the antenna coil Switch S-1 is the generator 
switch and across it there is a 1 mfd. condenser for smoothing out the 
commutator ripple of the generator. S-2 is a small 10-ampere switch to 
break the filament circuit. The grid leak at the top of the panel is an 
adjustable Ward-Leonard resistance 10,000 to 20,000 ohms. The micro- 
phone Af is a common 10-ohm telephone transmitter. The buzzer B, for 
telegraphy by damped oscillations, is mounted on the lower right hand 
part of the panel with the key to the left. The buzzer battery is in a 
box behind the panel. The 10-ohm rheostat fl-2 is not required if the 
filament battery e.m.f. does not exceed 4 volts. The condensers C-l 
and C-2 are of fixed capacitance. They may be made of sheets of copper 
foil separated by sheets of mica and their capacity may be calculated by 
the formula on page 45. Air condensers can be used if the plates are 
separated by }/^'. Two binding posts for the aerial and ground are 
mounted on top of the panel. 

The connecting wires on the panel should not be bunched but spaced 
as far apart as possible. Particular attention should be paid U> the 
connections. Use copper lugs and solder the wires wherever possible. 

As was stated on page 266 the set should be tuned with the micraphonB 
on short circuit. A switch, which is not shown on the panel, can be 
shunted around it. When transmitting by damped oscillations with the 
buzzer, do not use too much battery on the buzzer; usually one cell is suffi- 
cient . The current for the buzzer may be taken from the filament battery. 
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HOW TO OPERATE VACUUM TUBES FROM ALTERNATmO 

CURRENT.— The method was first disclosed by W. C. White (G. E. 
Co.). An adaption of his circuit suitable for transmitting and receiving 
bulbs is shown in Fig. 221. The plate current is supplied by two Tun- 
gar rectifiers R connected in the secondaries of a closed core trans- 
former, of which the primary is fed by 110 volts a.c. Both halves of a 
cycle are utilized by this arrangement giving a fairly smooth plate cur- 
rent. The condenser C-4 of from 2 to 6 mfds. capacitance somewhat 
compensates for the voltage fluctuations. 

The transformer is provided with 3 secondaries. Two of thess (S-l 
and 5-2, S-3) light the valve filaments. The other secondary, S-4, 5-5, 
provides the rectified a.c. for the plate circuit. 

The filament of the detection tube is shunted by a 20 ohm rheostat 
fl-1 with a sliding contact. The variations of the potential gradient which 
would otherwise exist between the grid and filament, are reduced by 
properly locating the slider. Then the characteristic "hum" of the alter- 
nator is reduced almost to complete silence. 

Note that secondary 5-2, 5-3 is tapped at the center; as is also sec- 
ondary 5-4, S-5. The former provides 4-6 volts for the rectifier filaments 
and the latter 20-60 volts for the plate circuit. 

The dimensions of the transformer core to secure step-down trans- 
formation may be calculated by the process outlined on pages 65 to 69. 
The description of a transformer of suitable dimensions follows. The 
core is IH" square (in cross-section). The inside dimensions are 4}^" 
x6'', the outside dimensions 7H" x 9". The primary is wound with 
355 turns of No. 16 dec. The secondary S-l has 20 turns of No, 16 
d.c.c. The secondary S-2, S-3 has 40 turns of No. 16 d.c.c, with the 
winding tapped in the middle. Secondary 5-4, 5-5 has 300 turns of 
No. 24 d.c.c. tapped at the center. R-A is a I'O-ohm rheostat. The 
core of the transformer is, of course, laminated. The various secondaries 
are not necessarily placed on one end of the core but they may be dis- 
tributed over the three sides of it. 

Before using this transformer the builder should test the voltages of 
the secondaries with a voltmeter. If the voltage of any particular sec- 
tion is too low, he should add more turns; if too high unwind a few 
turns. If taps are brought from the secondaries, the number of turns for 
a given voltage may be found by trial. 

Three-electrode tubes with their grids connected to the filament or 
two-electrode tubes of the requisite current carrying capacity, may be 
substituted for the G. E. Tungar rectifies R. 

"HARD" AHD "SOFT" BULBS.— These terms are used to dis- 
tinguish bulbs with high vacuum from those of low vacuum. Hard bulbs 
will not ionize (give the characteristic blue glow) at very high voltages. 
Soft bulbs will ionize at low voltages. Soft bulbs are suitable as detectors 
while hard bulbs are preferable as amplifiers and oscillators. Soft bulbs 
will give oscillatioiM but their output is very limited. The power in the 
plate circuit cannot exceed I X E. Hence, the higher E is without- 
ionization, the greater the output. 

Soft bulbs will often give better response as oscillation detectors than 
hard bulbs. Soft bulbs may be used in cascade amplification circuits if 
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the primary and secondary of the inter-valve traneformers are variable. 
A few trial experiments will show the amateur how to obtain good signals 
with soft bulbs. 

MODULATION OF ANTENNA CURRENTS IN RADIO TELEPH- 
ONY. — The subject of modulation of radio frequency currents in radio 
telephony has been mentioned in several places. In radio telephony the 
amplitudes of the antenna oscillations must be varied at the speech fre- 

auencies of the human voice and particular care must be taken to design 
le apparatus so that these effects are obtained without distortion. 
There are two general systems of modulation that may be applied to 
vacuum valve circuits. In one system a shunt circuit, which absorbs 
energy according to the impulses of the voice, ia connected around Bome 
portion of the circuit in winch radio frequency currents are flowing. In 
the other system a similar circuit and apparatus is connected in aeries 
with the source of oscillations. 




Fid. 22lB. Illtutralinc the principles of 



In the first method shown in Fig. 22la, assume that the load A is con- 
nected to a d.c. dynamo and a large inductance L is placed in the supply 
line. This inductance will tend to keep the current m the supply mains 
constant throughout any series of rapid changes of the resistance of the 
load . Closing the switch affords a path B around A and for an instant the 
current in A is decreased. The current in the line , however, will soon read- 
just itself to conform with that required by the new load. If the switch 
is opened and closed rapidly and the inductance L is relatively large, the 
current in A , and (if we assume the resistance of A is constant) the voltage 
across A will follow the variations of the shunt resistance B. Thifl effect 
is amplified by the reactance voltage of the coil L which adds to or de- 
creases the potential across A (depending on whether the load B is di»- 
connected or connected). It is clear that the load B and the switch 
can be replaced by any variable resistance such as a carbon grain telephone 
transmitter, and that the source A can be an oscillating valve circuit 
supplied with energy from the d.c. generator G. The condition necessary 
for satisfactory operation is that the energy taken from the source be 
■ kept constant. As an antenna circuit energized by couphng to an oscil- 
lating circuit receives practically a constant amount of energy, a rapidly 
varying resistance shunted around any portion of this circuit will modulate 
the current in that portion. 
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A circuit using this method of modulation (Fig. 221a) was used on 
wireless telephones supplied to the Army and Navy and is shown funda- 
mentally in Fig. 215. 

For greater power several valves may be connected in parallel with 
each of the valves shown in this circuit. For the best operation there 
should be as many valves in the modulator circuit as in the oscillating 
. circuit. It is necessary to put a grid battery in the modulator circuit 
in order that the valve will operate on the linear portion of the char- 
acteristic curve. 

In the circuit, Fig, 215, the inductance coil L-2 is just lai^e enough 
to keep the h^h frequency currents from surging through the modulator 
system and through the generator, for the inductance coil L-S may often 
have enough distributed capacitance to allow a considerable amount of 
the high frequency energy to pass through the generator. . The coil L-2 
which offsets the possibility of this may have an inductance of 6 to 13 
millihenries. 

In the second system of modulation the modulator (either a simple 
transmitter, or else a three-electrode valve or magnetic amplifier to 
increase the effect of a telephone transmitter) is connected in series with 
the circuit. The cu-cuit shown on page 264, Fig. 212, makes use of this 
principle. 

A carbon grain transmitter can be connected almost anywhere in an 
oscillating valve circuit with some degree of modulation. The optimum 
position will depend upon the resistance change ratio, that is the ratio 
between the minimum and maximum resistances of the transmitter, and 
upon the type of circuit used. The experimenter should try inserting 
the transmitter in the antenna circuit, in the filament circuit, and in 
series with the grid circuit and determine the optimum [>osition by listen- 
ing in at a receiving set placed a short distance away. 




Many wireless telephones operate with the transmitter connected in 
series in some part of the grid circuit of the oscillator valve, A circuit 
of this type is shown in Fig. 2216, which was used by the Deforest Co. 
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and has the advantage that only one bulb is necessary. However in a 
circuit of this kind considerable diflBculty may be experienced in getting 
the valve to oscillate and modulate properly. By experimenting with a 
grid condensers of various capacities, and with different values of the 
resistance R the correct values may be found for any type of vacuum 
valve. 

It is impractical with any system of modulation using V. T. oscillators 
to secure 100% modulation for that would stop oscillation. It generally 
requires about 5% of the total current to maintain oscillations. It is 
rarely possible to secure 95% modulation with any modulation circuit 
system except possibly the circuit shown in Fig. 215. 

It is well to remember that it is only the modulated component of 
the emitted wave that is effective in wireless telephony. Thus a system 
putting 50 watts into the antenna with 20% of the energy modulated 
would be no more effective than a 10 -watt set completely modulated. 
This explains the statement made concerning the modulation system of 
Fig. 215, viz, that as many vacuum tubes are required in the modulation 
system as are in the oscillating system. 

In any system the modulator bulb should operate on the straight 
portion of the characteristic curve. If the grid potential fluctuates too 
much so as to reach a value below or above the bends in the characteristic 
curve inaccurate speech reproduction results. 




of the valve adapter maoufsctuied by the Muooai Coioptuir (or um «i 



It is desirable to speak into the transmitter in such a way tiiat the 
breath does not strike the diaphragm. The sound waves only are neces- 
sary to vibrate the diaphragm. 

Several transmitters may be connected in parallel for higher powers 
provided they are all of the same type. If one should happen to cany a 
little more than its share of current it will become heated and its reeist- 
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ance will be lowered. It will then take even a greater portion of the 
current and will soon become inoperative. The microphones should be 
arranged on a stand so that the voice strikes each equally. 

MARCONI V. T. ADAPTER, GRID CONDENSER AND GRID 
LEAKS. — In many instances in this volume the circuit diagrams for the 
Marconi V. T. c^l for the use of several valves. It is a genuine con- 
venience to possess a valve adapter having three bulbs and the requisite 
grid condensers, grid leaks and coupling resistances mounted with appro- 
priate binding posts for immediate connection. 

Such an arrangement permits the use of any kind of a circuit to which 
the Marconi V. T.'a are adapted. 




FlQ. 221d- Mucoui three-valve adaptor in perspectti 



Fig. 221c is a plan view of the three-valve mounting manufactured by 
the Marconi Company. Four binding posts for connection to the grid 
plate Eind filament terminals are mounted around the base of each valve. 
A grid condenser (which has the same dimensions and the same appearance 
as a grid leak) , a grid leak and coupling resistance are mounted inunedi- 
ately in front of each valve. A special JUament rheostat is mounted in 
the base of each socket for variation of the filament temperature. The 
facility with which the connections can be changed with an adapter of 
this type needs no further emphasis. 

Figs. 184, 185, 186, 212, 214, 221, 222, 256 are circuits and apparatus 
to which the Marconi valve mountings are admirably adapted. For long 
distance reception with the loop circuits of Fig. 256, two of these three 
valve mountings should be used providing a six-stage amplifier. With 
the grid leaks, condensers and coupling resistances already in place it 
is but a matter of a few moments to connect them up in any way desired , 
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The three-valve base may, for example, be mounted on the top of a 
cabinet receiver. The first valve may be used with a regenerative coupler 
as a detector, and the second and third bulbs as audio frequency amplifiers. 

It is to be noted that the grid condensers in Figs. 221c and d have the 
same dimensions as the grid leaks. These condensers may be purchased 
ready for use in capacities from 0.0001 to 0.005 mfd. The grid leaks 
are supplied in resistances from 200,000 to 5,000,000 ohms (5 megohms). 

In most of the resistance coupled amplifier circuits heretofore shown, 
the coupling resistances were of 2 megohms but as will be noted from the 
curve of Fig. 178 good amplifications can be secured with other valves 
of resistance. Take as an illustration an S-stage resistance coupled 
amplifier in which the first three valves are used as radio frequency ampli- 
fiers, the fourth valve as a detector and the remaining four as audio 
frequency amplifiers; the following values of resistance have been found 
suitable for maximum magnification. Valves 1 and 2, 2 and 3, and 3 and 
4, should be coupled through Marconi resistances of 500,000 ohms each, 
but valves 4 and 5 and all remaining valves should be coupled by resist- 
ances of 2 megohms each. In a circuit of this type the Marconi valve 
adapters will be found extremely useful.* 



'Hie thne-Tstve adiipter is not yet on tbe market, but s aingle vain odaptot la now ar^bblaMWI 
I coum more fleiiblc for cooipin cirFiiita than that described. 
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CHAPTER X 

CABINET RECEIVERS AND ACCESSORIES 

GENERAL. — A few designs given by amateur experimenters will be 
shown. The arrangement of the apparatus of a receiving set is unim- 
portant as long as the internal connections are not bunched. The experi- 
menter must bear in mind that two parallel leads from a tuning coil may 
add a very considerable capacity to the circuit, and the mutual effects 
between parallel wires may in some instances reduce the signals. It is 
well to keep the leads as far apart as possible. Regenerative coupling 
may be obtained in a receiver cabinet with the wires of the grid and plate 
circuits separated a couple of feet, 

A panel or cabinet receiver adds nothing to the electrical efficiency of 
a set, except that it is manipulated with less difficulty than the isolated 
instrument type. The saving of space may be an ailment in favor of 
the cabinet receiver. 

CABINET RECEIVER FOR THE MARCONI V. T.'s.— The design in 
Fig. 222 is offered as a suggestion. The cabinet includes the com^nent 
parts of the wiring diagram Fig. 223 which indicates a short wave {200 
meter) receiver and three Marconi V. T.'s in cascade. The first bulb is 
used as a defector bulb and the next two as amplifiers. The detector cir- 
cuits are the same as those of Fig. 183, except for the addition of the 
20,000 ohm graphite potentiometer P-1. 

V-1, Fig. 223, is the antenna variometer and V-2 the secondary 
variometer. They are identical in construction. The outer cylinders 
of the variometers are i}/i" in diameter, l}-^' long, and wound full with 
No. 26 s.c.c. The inner cylinders are 4" in diameter, 1^" long and 
wound full with No. 26 s.c.c. C-1 is a standard 21 plate variable con- 
denser or any other varialjle condenser of about the same range of capacity. 
The capacity of C-3 is 0.0001 mfd.; that of C-4, 0.005 mfd. R, R, R, are 
2 megohm grid leaks and R-1 is a coupling resistance. The potential of 
£ is 80 volts. Class H Marconi V. T.'s should be used with this circuit. 

The three Marconi V. T.'s in Fig. 222 are mounted on the top of the 
cabinet. The two variometers are located inside of the cabinet, and are 
controlled by knobs on the outside. The 10-ohm filament rheostat is 
mounted below the variable coupling condenser C-1. The plate battei-y 
Ffotentigmeter is placed on the right side. If the A battery has a poten- 
tial of 4 volts and the B battery of 80 volts the potentiometer and the 
rheostat may be omitted. The grid condensers C-4 are mounted at 
convenient points inside the cabinet, as shown. The grid leaks are 
preferably ■ placed on the front of the panel where they can be readily 
removed. Appropriate scales for the variable condenser and the vario- 
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meters are mounted on the front of the panel. The cabinet is approxi> 
mately 13^" long, 7* high and 7* deep. The B battery is placed behind 
the right hand variometer. 

This detector set will be found particularly useful in connection with 
the short wave loireless telephone tube transmitter of Figs, 219 and 220. 
The complete set will permit conversation up to 60 miles. 
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Wiring diMmn of the cabinet wt in Flc. 223. 
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COMMERCIAL PRACTICE.— Pig. 224 is in reality a rear view of the 
Marconi type 106 tuner, published to give the beginner an idea of the 
inner cabinet constructioo of commercial tuners. The secondary coil of 
the coupler is mounted on a gear rack moving in a metal guide. A large 
gear controlled by a knob on the front of the panel operates the coupli^ 
mechanism. The "tens" and "units" switches are placed on the panel 
in front of the transformer primary. Since the rotary plates of, the 
variable condensers he in a horizontal position they must be balanced 
by weights in order to hold their position at any particular setting. 
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FlS.225. Fttm view of 



AMATEUR PRACTICE.— A panel set designed by A. C. Burroway 
of Ohio shows the excellent workmanship of some amateur designs. Fig. 
225 is a plan view, Fig. 226 a side view, and Fig. 227 a partial circuit 
diagram, which can be worked out to completion by studying the dia- 
grams already given. The valve mounting is for an old time audion 
but a Marconi V. T. mounting may be substituted. A perikon detector 
is mounted alongside of the vidve which is to be used in event the valve 
goes out of commission. 




SlCgELgVATION- (CNOPANClWHOvn^ 

Fia. 226. Side view of the nbiiHt H( of Fia. Zae 
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The function of the various switches and knobs are clearly marked 
on the diagram. The method of varying the coupling by a bell-crank 
and lever deserves particular attention. The voltage of the B battery 
is controlled by a multi-point switch. 




Fid. 227. Circuit di 



m for the cabinet nt of F^. 2S 



The atrial tuning inductance is 4^'x6' wound with 200 turns of 
No. 26 B. & S. The primary coil has the same dimensions wotmd with 
210 turns of No. 26 B. & S. The secondary coil is 35^'x6' wound 
with No. 30 B. & S. The tuner will be found suitable for the use of 
crystal rectifiers at wave lengths up to 3500 meters and with valves up 
to 2500 meters. 
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Fio. 22B. Cabiiiel leoeivec for u» with » nJve 




Flo. 229. Orcuit (or the 



Chas. Doty of New York has shown the design of Fig. 228 which uses 
three valves connected in cascade. The circuit and the cabinet can be 
adapted to the Marconi V.T. The primary of the coupler is stationary 
with the secondary sHding in and out as shown. L and L-1 are secondary 
loading coils mounted on the top. 

The circuit is shown in Fig. 229. P is 7" x 12' wound with No. 28 
S.S.C, S is 6" X 12" wound with No. 30 s.s.c. h and L-1 are 4' x 30' 
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wound with No. 30 s.s.c. LS and L-4 are the secondariee of J^' spark 
coils. Mr. Doty used 3 high voltage batteries but as the preceKling 
diagrams demonstrate, one battery may be used aa well. The inductance 
L-1 may be omitted. 

R. Hoaglund is responsible for the set in Fig. 230 and the construction 
is self-explanatory. The tuner was designed for crystal rectifiers and has 
inductances of the correct dimensions to respond to 2500 meters. The 




Fio.231, DeaigQ otBumple "loo» oouplar" tor short wave rocBpliod. 
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primary and secondary variable condenserB are mounted to the top of 
the cabinet and the coupler immediately underneath. 

Fig. 231 showB a good design for a simple "loose" coupler. The pri- 
mary is split into three sections to cover 200, 600 and 1000 meters. The 
secondary has a 3-point switch to cover the same range of wave lengths. 
The secondary has 266 turns of No. 30 s.s.c, with taps taken at 60, 180, 
and 266 turns respectively. The requisite turns for the primary will 
have to be calculated for each station for the number varies with dif- 
ferent aerials. The method of computation is explained on pages 169 
to 177. 



Primary 



Secondary 




£^^ 



IS3 



Fig. 232. "Uinced" coupler suitable for omsMur wave leuslhi. 

The hinged coupler in Fig. 232 is suitable for reception at moderate 
wave lengths. The primary coil is wound with 100 turns of No. 28 s.s.c. 
and the secondary coil with 200 turns of No. 32 s.c.c. The primary is 
tapped every 10 turns, the secondary every 20 turns. The discs for 
support of the coils are SJ^" in diameter, and the groove for the winding 
is Yfi" wide, ^le' deep. The switches for inductance variation are mounted 
directly on the discs. 
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CHAPTER XI 

DESIGN OF WAVEMETERS— TUNING THE AMA- 
TEUR'S TRANSMITTER— MEASUREMENTS OF 
INDUCTANCE, CAPACITANCE AND HIGH 
FREQUENCY RESISTANCE— GENERAL 
RADIO MEASUREMENTS 



GENERAL. — The frequency of an oscillation circuit may be calculated 

from the relation n= tt^. where L ie the inductance in henries, and 

C the capacitance in farads. Hence, when we have a coil L shunted 
by a variable condenser C, and a calibration curve for the condenser is 
provided, we may determine the frequency of the circuit for each setting 
of the condenser. 

Knowing the frequency the equivalent loave lengtii is equal to 
300,000,000 
frequency 
lengths rather than in the corresponding frequencies. 



The scale of the condenser may then be marked in wave 
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Any oscillation circuit like that of Fig. 233 may be converted into a 
wavemeter. It is only necessary to determine the equivalent wave length 
of the circuit for various settings of the variable condenser. The r^ults 
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may be put in a table or plotted as a curve for futtire reference. Assume 
that as in Fig. 233 the capacitance of the condenser C at Tarious setting 
varies from 0.0001 to 0.0005 mfd., and the inductance of the coil Lis 
90,000 cms. The wave length for 0.0001 mfd. in shunt may be found 
from the following: 

x=59.6 vr^ 

or 

X =59.6 V 90,000X0.0001 = 178 meten. 

The wave lengths for the other settings are as follows: 

0.0002^252 meters 



If the amateur can purchase a calibrated varit^le condenser with the 
capacity given for several settings of the scale he may compute the 
dimensions of a suitable inductance from formula (40) page 54 and use 
the formula above for computing the wave length. 

Such a wavemeter will prove to be fairly accurate i f the necessary 
computations are carefully carried out. A wavemeter of the range com- 
puted above will be satisfactory for tuning the amateur transmitter but 
one of considerably greater range will be required for calibration in 
receiving work. 

USES OF THE WAVEMETER.— The wavemeter is not only useful 
for tuning a transmitting set but for carrying out many other radio fre- 
quency measurements. They are enumerated below. 

(1) HeaBuremcnt of ware length ■ 



(2) 


" " frequency 


m 


" " decrement 


(4) 


. « Indoctance 


(5) 


■ capecUanco 


») 




m 

(!) 


" Goeffldentofconplinc 
- distributed capacitance 



These various applications of the wavemeter will be Ideated in the 
following paragraphs. 

RESONANCE INDICATORS.— We may expect from the discussion 

on reactance and its effects in Chapter III that the current in a wavemeter 
circuit reaches its maximum amplitude when resonance is established with 
the circuit under measurement. Similarly, the potential difference across 
the terminals of the condenser C, Fig. 253a, attains a maximum at reson- 
ance. The fact that resonance has been obtained may be determined by 
either a "current" or "voltage" indicator connected in the wavemeter 
circuit. For current indications, a milliammeter— to 200 milliompeies — 
is placed in series with the wavemeter circuit at A-1 in Fig. 233. For 
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some measurements a "current square" meter, that ia, one in which 
the scale divisions are proportional to /', is preferred. 

K To indicate a voltage 

maximum across the con- 
denser C, m circuit B Fig. 
233, it is shunted by a car- 
borundum rectifier D with a 
head telephone in series. If 
the decrem^t of the circuit 
under test is relatively small 
the current maximum as 
read by observation of A-1 
or heard in the telephone P, 
will be sharply defined for 
any small movement of the 
-..cxuBK. variable condenser. The 
"""""'""' detector D is used when the 
source of oscillations ia weak, 
current square" meter may be used.* 

CALIBRATION OF A WAVEMETER FROM A STANDARD.— 

A home-made meter can be calibrated from a standard wavemeter as in 
Fig. 234. L C is the standard wavemeter, excited by a buzzer and a 
battery; L-l, C-1 the wavemeter to be calibrated. The detector D, of 
the wavemeter, is connected unilaterally although it may be shunted to 
the condenser as in Fig. 233 at B, 

The meter is calibrated as follows: Set L C at some wave length and 
vary the capacitance of C-1 until a sharp maximum is heard in the head 
telephone P. The standard and the meter under calibration are then 
set at the same wave length. Continue to do this throughout the scale 
of C-1 and keep an accurate record of the results. For accuracy use low 
voltages at B, and, to prevent sparking, shunt the magnets of the buzzer 
by a 1 mfd. condenser. f 

A more accurate method of calibration is shown in Fig. 235. In the 
method of Fig. 234, the added capacity of the buzzer leads will affect 
slightly the calibration of the standard wavemeter. This error may be 
eliminated by the circuits and method of Fig. 235. In that figure B 
is a standard wavemeter, C the wavemeter to be calibrated, and A represents 
a condenser and coil of a magnitude permitting resonance with B. 

To carry out the calibration, first set B at some wave length, then 
put the buzzer in operation and vary the capacitance of condenser C 
until L C is in resonance with L', C as noted in the telephone. Then 
put wavemeter C in inductive relation to A and vary condenser C-2 
until wavemeter C resonates with A. The wave length of C is now the 
same as B. The same procedure should be carried out over the entire 
scale of condenser C-2. 
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Fig. 235. Affcurale method o( calibn 
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TUNING THE AMATEtJR'S TRANSMITTER.— The first measure- 
ment is that of the natural wane length of the antenna. To carry out the 
measurement as in Fig. 236 

proceed as follows: 

Put a spark gap S-1 in the 
antenna circuit and connect its 
terminals to the secondary of 
an induction coil or high vdtage 
transformer. First be sure that 
the detector is adjusted and 
then with the spark discharg- 
ing, vary the capacitance of 
the wavemeter condenser C 
until response is beard in the 
telephone. The wave, length 
of the wavemeter at the setting 
for resonance is the wave length 
of the antenna circuit. 

Assume that the reading 
turns out to be 175 meters, and 
that 200 meters is desired. 
Then put the secondary coil of 
the transmitting oscillation 
transformer in the antenna 
circuit, and add turns until the 
wavemeter indicates 200 meters. 
The antenna may be excited 
by a buzzer as in Fig. 237. 
The coil L-l in that diagram 
is the secondary of the trans- 
mitting oscillation transformer. 
C-1 is a short wave condenser {if used), and L-2 an aerial tuning coil. 
CLOSED CIRCUIT 





^s-" 



Fia. E3S. Meuaremeut of the wave lenctb ol thedoaed osdUBtdonoi spmrk gmpeinuit. 



>db,Google 



2M 



'VflreleBS Experimenter's Manual 



MEASDItEMENT OF THE CLOSED CIRCDIT.— The eqaivalent 

wave length is obtained as in Fig. 238. L-1, C-l, Sis the epark gap cir- 
cuit. The coil L of the wavemeter is placed in inductive relation to Ir-1, 
the spark gap energized by the high voltage transformer, and the capacit- 
ance of condenser C varied until resonance is secured. The wave length 
is read from the wavemeter scale. 

To reduce the wave length, cut out tmns at L-1 by the tap T or reduce 
the capacitance of C-l. To iricrease the wave length reverse the process. 




MEASUREMENT OF THE RADIATED WAVE.— After tuning the 
open and closed circuits individually couple them together and vary the 
coupling until the antenna ammeter A-l, Fig. 239, reads a maximum. 
Then place the wavemeter in inductive relation to the earth lead and tune 
it to resonance with the sending set. If the spark gap quenches well only 
one sharp maximum will be observed at the "current square" meter A-2. 
(The radiated wave may be read by a head telephone and crystal de- 
tector as well.) If the spark gap does not quench properly, two maximumt 
will be observed at A-2. This indicates that two waves are radiated, and 
this the law will not permit. The secondary must then be drawn away 
from the primary until the two waves merge into one. The circuits of Fig. 
239 are applicable to decrernent measurements as explained on l»ge 301- 

RESONANCE CURVES.— These curves depict the relation between 
the antenna current at the resonant wave length and at wave lengths 
off resonance. They show in a general way the over-all distribution of 
enei^y, and permit direct calculation of the decrement. The dot and 
dash curve in Fig. 240 shows the results of close coupling at the OBcillatioQ 
transformer and indicates imperfect quenching of the primary oscillations. 
The dotted curve indicates the result of the coupling between the closed 
and open circuits being reduced until better quenching is secured. The 
two waves are closer. The solid-line curve indicates good mendunff, m 
the coupling at the oscillation transformer has been r^uced until «' 
wave emission is obtained. 
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Fid. 241. CIrcuil tnA appantua 

The data for these curves may be secured with the circuit arrange- 
ments in Fig. 239. With the spark discharging at S-\, vary the wave 
length of wavemeter LC aX C, around the resonance point, and note 
the reading of A-2 for each setting of condenser C. The wave lengths 
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obtained in this way are the ordinates of the curve. The abscissas are 
the readings of the "current square" meter. The curve is made by locat- 
ing points on cross-section paper, corresponding to each set of i-eadings, 
after which a line is drawn common to them all. 

SIMM,E MEASUREMENT OF ANTENNA CAPACITANCE.— An 
approximate measurement (Austin) is outlined in Fig. 241. L is a coil 
that will increase the natural wave length of the antenna 4 or 5 times. C 
is a calibrated variable condenser and W a standard wave meter. 

First connect L in the antenna circuit, excite the antenna with the 
buzzer, and measure the wave length at W. Then take coil L out of the 
antenna circuit and shunt it by a standard variable condenser C. Vary 
C until the wave length of L C is the same as before. The capacitance 
of C is now that of the antenna neglecting the distributed inductance of 
the. antenna system. 

MEASUREMENT OF ANTENNA INDUCTANCE AND CAPACI- 
TANCE SIMULTANEOUSLY.— Two standard coils L-l and L-2 of dif- 
ferent values are inserted successively in the antenna circuit as in Fig. 
242 and the wave length read for each coil at W. In the case of L-l, 



X,-59.6 V (Li+Zo) Co («) 

In the case of L-2, 



X,=59.6 V (Li+Lo) C„ 



Eliminating d, 



U = 



L, X'l—L, X'i 



Where 



Xi— wave length with Li 
Xj=wave length with t, 
Za=antenna inductance 
Ca=antenDa capacitance. 



Since Xs, Li and L, are now known the antenna capacitance, 



"' 3652 (Li+Io) ^ ' 

The measurement is perhaps more accurate if an undamped source 
of oscillations such as an oscillating tube is coupled to the antenna, and 
a low-reading ammeter is placed in series with the antenna circuit. The 
undamped source is then tuned to the antenna circuit as observed by the 
aerial ammeter. The wavemeter is then tuned to the undamped source 
with the antenna disconnected. The same procedure is cani^ out with 
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the loadings t-1 and L-2. The remainder of the process followH the out- 
line above. If the oscillatii^ tube has 1 ampere in its oscillating circuit 
the antenna ammeter should read from to 100 milliamperes. This per- 
mits fairly loose coupling between the source and the antenna circuit. 




-mm- 



T 

DECADE RESISTHMOT «- 
BOX 



Fta. 243. Method of DMHuiiDc ant 

THE MEASUItEMEIfT OF ANTENNA RESISTANCE AND 
POWER. — This may be done as in Fig. 243. fi is a continuously variable 
resistance (decade box built especially for this work by the General Radio 
Company) with a range from to 20 ohms. A-1 is the antenna ammetw. 
With R out of the circuit the antenna current is measured at A- 1 in the 
usual manner. R is then inserted and varied until A-1 reads one-half 
the former reading; that is ^ /. Then A., the antenna resistance is 
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equal to R. If S = 10 ohms and 7=3 amperes, then, the antemui power 
= /a B=3'X10=90 watts. 

In explanation of this measurement of antenna resistance it is obvious 
that an added resistance equal to the antenna resistance will reduce the 
antenna current to one-half its natural value, provided the resistance does 
not influence the inductance and capacitance of the antenna system. 

MEASUREMENT OF THE EFFECTIVE INDUCTAHCE CAPACI- 
TANCE AND RESISTANCE OF AN AERIAL.— The effective values are 
those which, when lumped in a series circuit to which a given e.m.f. is 
applied, will give the same natural frequency of oscillation and the same 
current as a given antenna circuit, whether the applied e.m.f. is damped 
or undamped. If the effective values can be measured, an artificial 
aerial can be constructed which will duplicate exactly the actual antenna. 

The method of measurement now to be described was suggested by 
J. R. Miller in B. of S. circular No. 326 (Oct. 23rd, 1918). The circuit 
is shown in Fig. 244. L-l, C-l and R-l are respectively a variable in- 
ductance, a variable capacity, and a variable resistance of values some- 
where in the region of those to be expected from the practical antenna. 
Switch S-l places the antenna coil L-3 either in series with the antenna 
or in aeries with L-l, C-l, R-l. [7 is a source of undamped oscillaticna 
— a Marconi V. T. connected up for the production of raidio frequencies. 
D is a damped oscillation spark set, the spark gap having magnesium 
electrodes. Switch S-2 connects L-2 to either source. 



S(^H^ 




The theory on which this measurement is based will first be given*. ■ 
When a source of undamped oscillations in a primary circuit induces 
current m a secondary tuned circuit the current in the secondary ior a 
given e.m.l depends only upon the resistance . of the secondary circuit. 
In the case of damped oscillations in the primary, the current in the 
secondary for a given e.m.t. and primary decrement depends upon the 
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decrement of the secondary; that is upon the resistance and the ratio 

C 

y. The higher the decrement of the primary circuit relative to the 

decrement of the secondary the greater is the dependence of the current 
in the secondary upon its own decrement. 

Advantage is taken of these facts in determining the effective induct- 
ance L„ the effective capacitance C<, and the effective resistance R, 
of the antenna system as in Fig. 244. The procedure is as follows: 

The frequency of the undamped source — the tube generator — is tuned 
to the antenna, and the circuit L-l, C-1 then tuned to the source. The 
resistance R-1 is then varied until the ammeter A reads the same in both 
positions of the antenna switch S-l, The resistance of the circuit L-l, 
C-1 is then equal to the effective resistance of the antenna and L-l, 
C-1 = L,C, (andfi-l = fl,). 

The damped source — the spark gap circuit — is then coupled and tuned 
to the antenna by varying its frequency and noting the reading of the 
ammeter A. The coil L-3 is then thrown to the L-l, C-1 circuit by 
switch S-l. If the current increases, the value of C-1 is greater than C< 
and vice versa. L-l and C-1 are then varied, meanwhile maintaining 
resonance (while ^-1 is left unchanged) until the ammeter A reads the 
same in both positions of the switch S-l . C-1 then = C, and L-l = L,. 

The coil L-l is preferably a variometer. If the setting of the vario- 
meter has to be changed considerably in order to obtain a balance with 
the switch S-l in the two positions, its resistance must be taken into 
account and eliminated. The resistance of the variometer may be ehm- 
inated by shorting it and varying ff-1 until equal readings are obtained 
at A with switch S-l in the two positions, using undamped oscillations. 
Then R, = R-l. Now that L, C and R are known, the decrement may 
be calculated from 




-sdio frequencisB. 



HEASUSEMENT OF CAPACITY AT RADIO FREQUENCIES.— 

The circuit is shown in Fig. 245. L C is a wavemeter excited by a buzzer 
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B-2. L-1 is a variable inductance which may be shunted either by 
a calibrated condenser C-n or by the condenser of unknown capacity C-x. 
Z> is a crystal rectifier, and P a head telephone. 

To carry out the measurement proceed as follows: With the switch 
thrown to C-ic vary the wave length of the wavemeter at C until resonance 
is obtained. Then throw the switch to C-n and vary its capacity until 
resonance ia again secured. Then C-x = C-n. 

If the effective capacity of C-x ia desired for some other particular fre- 
quency, then set C L at that frequency and vary L-1 until L-1, C-x is 
in resonance. Then proceed as above. 



MEASUREMENT OF INDUCTANCE AT RADIO FREQUENCIES. 

— The circuit of Fig, 245 applies also to this measurement. To find the 
inductance of L-1, for example, throw the switch to C-n and tune L C 
to resonance. Note the wave length of the wavemeter and the capacity 
of C-n. Then 



1^1 « 



^■ 



- (M) 



MEASUREMENT OF MUTUAL INDUCTANCE AT RADIO 
FREQUENCIES.— Assume that the coils L-2 and L-3 in Fig. 246 are 
the primary and secondary of a transmitting oscillation transformer. 
Their mutual inductance may be determined approximately as follows: 
Put jumpers across the posts A and B, and C and D. Then tune the 




Flo. S4S. MeBiurement of mutual inductSDOe 



wavemeter L-1, C-l to the epark gap circuit LCS or any source of 
oscillations. Designate the capacity of the wavemeter condenser C-l 
at resonance as C-2. Then connect L-2 and Z/-3 in series and find s new 
value of C-l for resonance and designate it as C-3. Then, if the m^netic 
fielt^ of the two coils assist, a value of inductance will be obtained equal 
to L-2+L^+2 M. And in terms of the wavemeter settings, 
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Next reverse the coDDections at either C, D, or A, B, and re-tune the 
wavemeter. Let the new reading of the condenser C-1 be C-4, then 



L-2+L-3—2M=i~—l\ L-l 

It L-5=L-2+L-3+2M,&ndLS = L-2+L-i-~2M,then 
., t-5— L-6 



where Jl/ = the mutual inductance in microhenries or centimeters, accord- 
ing to the way L-l is expressed. 

M 
The coefficient of coupling K= -j ^- ■-.-. . L-2 and t-S may be meas- 
ured as in the preceding paragraph. 

MEASUREMENT OF THE LOGARITHMIC DECREMENT.— 

The decrement according to U. S. statute, must not exceed 0.2 per com- 
plete cycle. The number of oscillations for a given decrement. 



where 4.6 = log, 100. 

5 = decrement. 

4 6 
Hence, a decrement of 0.2 corresponds to jr^=23 complete oscillations. 

The decrement of the radiated wave may be measured by the circuit 
of Fig. 239. The transmitter is assumed to be tuned for single wave 
emission. If two waves widely separated exist, the measurement can be 
applied to each wave. 

The procedure is as follows: Connect a "current square" meter in 
series with the wavemeter circuit and place the wavemeter in inductive 
relation to the ground lead of the antenna system. Locate the point of 
resonance on the condenser C and then change the coupling between the 
wavemeter and the antenna circuit until a fair deflection of the meter 
j4-2 is obtained. Then increase the capacitance until A-2 reads one-half 
the value obtained at resonance and note the capacitance of the condenser 
C. Then decrease the capacitance of C to some value below resonance 
where A-2 again reads one-half the value obtained at resonance and again 
note the capacitance of C. The sum of the decrement of the circuit under 
measurement and the decremeot of the wavemeter is then found from the 
following formula: 



Si+ii-S.uie 
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where 

S] "decrement of the radiated wave 

Bi = decrement of the wavemeter ^ j 

C| = capacitance of wavenieter condenser above resonance where /*— rp/V 

Ci= capacitance of wavemeter condenser below resonance where P—^I\ 

Suppose, for example, Cii = 0.003 mfd., and C,= 0.0028 mfd., then, 

. . . _ 0. 003-0. 0028 „^.„^ .,„ 
''+"'"0.003+0.0028^^'^^^^ "-^^ 

This is the sum of the decrements, and fij the decrement of the wavemeter, 
must be subtracted from {,+ {j to obtain 8, the decrement of the circuit 
under measurement. 

In terms of wave length, the decrement formula may be written 

where ia = wave length at resonance 

x = wave length below resonance where the current square meter 
reads ^ the deflection at resonance. 

DETERMmmG THE DECREMENT OF THE WAVEMETER.— 

There are several methods of determining the decrement of the wave- 
meter, but the most accurate is that shown in Fig. 247. The wavemeter 
L, C, A-2 is excited by a tube generator like that of Fig. 218. The fre- 
quency of the generating tube is varied principally at C-1. Hie gen- 
eratii^ circuit should be designed to cover the range of frequencies <rf 
the wavemeter. The procedure is then the same as outlined in connection 
with formula (72) , the capacity of C being set above and below resonance 

at pointa whereZ*=-^A, and where /*, is the current at resonance. 

Since the source is ujidamped, the resulting decremerd is Sj, that of the 
wavemeter. The decrement of the wavemeter should be thus determined 
at 5 or 10 points on the condenser scale and the results plotted in the 
form of a curve for future reference. The decrement values may be 
marked directly on the condenser scale. 

To summarize the foregoing, first measure the decrement according 
to (72) and then subtract the decrement of the meter as determined 
above. The result is the decrement of the radiated wave.' 

The decrement of the amateur's transmitter is minimized by a good 
earth connection, by using antenna wires of low resistance, and by pro- 
viding a spark gap which gives good quenching. If the gap does not 
quench well the coupling at the oscillation transformer must be reduced 
until good quenching is securerl. 
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ter through the u 



DIRECT READING DECREMETER.— Direct detenninations of the 
decrement can be made by the Kolster decremeter, the theory of which 
has been given in the book "Radio Instruments and Measurements." 
Any wave meter can be made a direct reading decremeter. Consider, 
for example, the decrement formula (a formula which does not take into 
account the average of the decrements on both sides of the point of 
resonance in a distorted curve) , 



(74) 



Using the "half deflection" method, it is clear that the decrement for any 
set of conditions corresponds to the displacement of the condenser's 
moving plates which varies the capacity by the amount O — C. The dis- 
placement of the plates for a given decrement will be different for various 
values of C* Therefore at successive points on the condenser scale any 
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displacement of the moving plates which changes the square of the reaon- 
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may,' therefore, be computed and attached to any variable condenser 
provided the relation between the capacity and the displacement of the 
moving plates is known. Such a scale has been computed by the Bureau 
of Standards for any variable condenser with semi-drcvlar ■plates (the 
more common type) , This is shown ia Fig, 248. The Bureau has shown 
that the graduations of the decrement scale of such a condenser vary as 
the logarithm of the angle of rotation. The scale may be placed on the 
unused half of the condenser top (opposite the condenser Bcale) or it 
may be attached to the moving plat^ of the variable condenser. The 
latter method is shown in Fig. 249. A small glass window with a hair 
line in the center is placed on top through which observations of the 
decrement are made. The zero mark on the decrement scale must coin- 
cide with the scale reading for "zero" capacity when the movable plates 
are positioned for maximum capacity. 




Fia. 360. Showing tlie decmneut ecali 



ZEM ON DECREMHT 
SCALE MUST COINCIDE 
WITH ISO* ON COHD. 
&CALE 
o( the variable oondenwr of ■ wkvemetsr. 



The decrement scale mounted on the unused half of the cover is 
shown in Fig. 250, where, the zero mark on the decrement scale coincides 
with the graduation on the condenser scale for maximum capacitance. 

To measure the decrement with this scale proceed as follows: Insert 
a current square meter in series with the decremeter circuit. Z<ocate 
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resonance and note the reading of the current square meter. Then note 
the tabulation on the decrement scale on either Bide of resonance vrhwe 

the meter reads -o--?*'- 

The difference between the two readings is then 5i + 5i. The decrement 
6i of the wavemeter is determined as in Fig. 247. If, for example, the read- 
ings of the decrement scale on both sides of resonance areO.6 and 0.16,then, 



ii +81-0.16-0.6-0.1 



and, if the decrement of the decremeter at the resonance capacity = 
0.033, then 

8,-0.10-.033-0.067 

Although this decrement scale gives accurate readini;^, for large 
decrements (from 0.2 to 2.0), it is rather difficult to obtain precision 
at decrements below 0.15. The author finds it wise to use a large hand 
glass in order to magnify the scale at the lower divisions. 

Every amateur transmitting station should be provided with a de- 
cremeter as with this instrument it is possible to determine the shaTpness 
aj the radiated wave, and whether or not it comes within the restrictions 
of the law. 



— vy^iCrt"^ ^— ^ 




TuSt GeUERftTOR 



ti for detennining tt 



If a calibrated variable condenser is available, the experimenter may 
predetermine the dimensions of an inductance for a given range of wave 
lengths by use of formula (72). He will then possess a wavemeter which 
if a OTurent measuring instrument be mserted in the circuit will permit 
tuning and decrement measurements to be carried out. With the decre- 
ment scale given here it is not essential to know the wave length <rf the 
rehonating circuit or the capacitance of the variable condeliser. As long 
as the condenser has semi-eircular plates and the inducftauce has the 
correct dimensions to establish resonance with the transmitter, tiw 
decrement can be determiuEd directly as outlined above. 
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MEASUREMENT OF THE RESISTANCE OF A WAVEMETER 

AND A con.. — The circuit is shown in Fig. 251 . L, C, A-l is a wavemeter 
and L-1 a coil whose resistance is to be measured. Coil L is coupled to 
a vacuum tube generator of variable frequency. A-l is a small ammeter 
and R-1 is a standard high frequency resistance box. The procedure fol- 
lows: Cut L-1 out of the circuit and connect together the posts A and 
B. Tune the source until a maximum / is indicated at A-l ,* with R-1 
set at zero. Then insert some resistance at R-1, and observe the corre- 
sponding current Ii. Then the resistance of the wavemeter circuit, 



To find the resistance of L-l, cut it in the circuit, retune to resonance 
and measure the resistance again. Then subtract the resistance of the 
wavemeter (determined as above) from the value now obtained and the 
result will be the resistance of the coil. 

If a current square meter is used at A-l, add resistance at R-1 until 
the deflection is one-quarter of that obtained in the first observation. 
Thenfi, = fi. 




Fia. ZS2. Meuuiement of the audibility of liuKimiac 



AUDIBILITY OF INCOMING SIGNALS.— A comparative c 
ment of the strength of signals may be made as in Fig. 252 where the 
telephones T are shunted by a variable resistance or impedance R. If 
8 is the impedance of the shunt, It, the least audible current in the tele- 
phone, /, the total current in the shunt and telephones, and t', the imped- 
ance of the telephone, then 



(7«) 



The ratio is called the audibility factor. 
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SiBce the impedance varies with the frequency, wave-form and other 
constants of the circuit, it is necessary to calibrate the apparatus for each 
setting under actual conditions of use. 

The ordinary way is to ignore the impedance and call s and t, the 
resistance of the shunt and t^epbone respectively. The resistance R in 
Fig, 252 is then varied until the signals are just audible. Then if 

50+2000 
« = 50 ohms and f = 2000 ohms, / = =jr — X/|=407f,thatis, the signal 

is 40 times audibility. 

Although the latter method has many disadvantages it is still widely 
used. Calibrated audibility meters may be purchased. 




St/zzs/' /e^/v/ 
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DISTRIBUTED CAPACITANCE OF A COIL.— Using the circuit <rf 

Fig. 245, the distributed capacitance of the coil 1^1 may be determined 
as follows: Determine the apparent inductance of Z-1 at two settings 
of C^n, tuning the circuit h-\, C-n to the wavemeter for each setting. 
Then use formula (69) . 
Letting 

Lai •■the apparent inductance for C-1 (one value of capacitance of C-n) 
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and 

I«iBthe apparent inductance for C-2 (the second value of C-n) 
Then 



-•={t;-') 



Where 

Co =distributed capacitance ia mfds. . 

CALIBRATION OF A RECEIVING SET.— The circuit appears in 
Fig. 253. LC is a wavemeter excited by a buzzer, which ia placed in 
inductive relation to the antenna system at L'. The wave length of the 
complete receiving set is then determined as follows: Start the buzzer 
and set the wavemPter at some wave length. Vary the indticlance and 
capacitance in the open and closed circuits and change the coupling until a 
sharp maximum is heard in the head telephones. The wave length of the 
receiving set is then the same as the wavemeter. Using loose coupling 
at L,L', the oscillation detector can be adjusted for maximum sensitive- 
ness by trying different points on the crystal and adjusting the potentio- 
meter Pot. 

A wavemeter used in this way has a good deal of value around the 
experimental station as it assures the operator that his apparatus is set 
at the correct wave length for reception from a given transmitter; other- 
wise much experimental tuning will be necessary in order to pick up a 
station. 

HOME-MADE WAVEMETER FOR THE AMATEUR STATION. 
— The wave length curve of Fig. 253a has been prepared to show the 
amateur who does not possess the facilities for calibration how to construct 
a wavemeter with which he may tune a 200-meter transmitter. 

This curve fits the General Radio Company's type 124-A No, 501 
variable air condenser. The inductance for the wavemeter consists of 
30 turns of No. 18 cotton covered annunciator wire, wound on a tube 5' 
outside diameter. At 20° on the variable condenser, the wave length 
is 175 meters and at 100 degrees it is 560 meters. This will cover the 
amateur's transmitter. 

Thus, in order to obtain a wavemeter for tuning purposes, the experi- 
menter need only purchase the above mentioned condenser and construct 
a coil according to the dimensions given above. The detector circuit, 
as shown in the drawing next to the curve, is connected unilaterally to 
the wavemeter. A Marconi V. T. should be used for sharp readings and 
to permit the wavemeter to be loosely coupled to circuit under measure- 
ment. The grid of the valve only is connected to one terminal of the vari- 
able condenser C. 

For the curve given, the leads from the coil to the condenser are 6' 
long. 

MEASUREMENT OF HIGH VOLTAGES.— The simplest method is 
the "sphere gap voltmeter" mentioned in Chapter IV. Two spark 
balls 2 centimeters in diameter are mounted on an insulating base and 
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connected in shunt to the high voltage source. The balls are separated 
until sparking just ceases. The following table of voltages, indicates 
the maximum e.m.f. for different gap lengths. 
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CHAPTER Xn 

CLOSED COIL AERIALS— DIRECTIVE TRANSMIT- 
TERS AND RECEIVERS— CONSTRUCTION OF 
A DIRECTION FINDER 

GENERAL. — For many years closed coil serials have been employed 
by the Marconi Companies in their direction finding apparatus. Weagant 
has been particularly active in using these coils for loi^ distance recep- 
tion. It is well known that a closed circuit loop exhibits directional 
characteristics both in transmission and reception. It is useful not only 
for locating the direction of a station but as an in-door aerial as well. 

It is doubtful whether the ^mateur experimenter will ever utilize the 
loop aerial for radio transmission, but it is interesting to know that a low 
power, portable transmitting set using a small loop aerial and permitting 
communication over 20 miles was developed during the war. The 
radiating properties of the loop are notoriously low, but the loss in radi- 
ation is made up by the uae of super-sensitive vacuum tube amplifiers 
at the receiving station. 

Any closed coil aerial connected to an amplifying receiver may be 
used as a direction finder. The operating characteristics of a loop may 
be explained by the sketches in Fig. 254a and b. When the plane of the 
loop L points in the direction of the advancing wave as at Fig. 254a, 
the e.m.f . induced therein is a maximum, but if the plane of the loop is 
at right angles to the advancing wave as in Fig. 2546, substantially no 
current is set up in it. If then, the loop be turned on its axis Z, as at 
Fig. 254c, a position can be found for either maximum or minimum signals 
from any given transmitter. 

The curve of reception for the closed coil or loop aerial is shown in 
Fig. 254d. Maximum signals are obtained when the plane of the coil 
lies in the direction A B; and minimum signals in the direction Ai Bt. 
In any other direction, such as At 5, the strength of the signal varies 
as the cosine of the angle which the plane of the loop makes with the 
plane of the advancing wave motion. 

The position of the loop for minimum signals is generally more sharply 
defined than that for maximum signals. Hence, the pointer on the 
direction finding scale is mounted at a right angle to the plane of the loop. 

Returning now to Fig. 254d, if the small circle R represents the 
smallest current that will give an audible signal, then for any position 
of the coil aerial within the angles R Mi M, and B M, M„ no signals are 
obtained. 
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To determine the direction of a transmitter the positions Mt Mi are 
noted on the scale where the signals just become inaudible. The loop is 
then turned 180° and the positions M3 Afjfor minimum signals observed. 
By taking an average of the scaie readings at M^ Mi, and at M3 M, and 
placing the loop along the line of the resultant the pointer P will lie in 
the direction of the station sending. 

In practice the loop L Fig. 254c is mounted on a pole or stand so 
that it can be turned through an are of 180°. The scale is stationary 
and its zero index should be placed in Une with either the geographical 
north pole or the north magnetic pole. 

The loop L may be made a flat spiral as in Fig. 254c, or a square 

f)rism as in Fig. 254e, or it may be wound in regular or irregular multi- 
ayers. Litzcndraht wire is generally used but solid copper wire will do 
nearly as well. 

In addition to their directional characteristics it will be evident that 
these loops will eliminate a certain amount of interference from stations 
whose signals are not desired , for if the plane of the coil points in the direc- 
tion of the station desired, a signal of the same wave length coming at right 
angles to the plane will not be heard. Signals at any other angle will be 
heard with less intensity than with a non-directional antenna. 

DIMENSIONS OF LOOPS.— For strongest signals the natural wave 
length of the loop should be near the wave length of the signal to be 
received. These loops do not respond well when loaded to wave lengths 
two or three times the fundamental unless a cascade amplifier is employed. 

The turns should not be too close or the distributed capacitance will 
be excessive. The turns are usually spaced. An increase of the 
number of turns up to a certain point increases the signals, but beyond 
this point no increase is obtained. 

For long wave lengths, 20 to 70 turns embracing a comparatively 
small area are used . Loops of greater area with 1 to 4 turns are empl<^TO 
for short waves. 
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The Signal Corps has obtained good results at wave lengths up to 
600 meters with a square loop 8' on a, side, wound with three turns of 
3 X 16x38 Litzendraht cable spaced J/^'. The natural wave length of 
such a loop is near 160 meters and with the series condenser C-2 and the 
inductance L-2, Fig. 254c, waves up to 600 meters can be tuned in. A 
loop 4' square with 4 turns spaced J^i" is also suitable. 

For waves of moderate length up to 8000 meters a loop of 22 turns 
spaced 0.1 of an inch, on a frame 9' square, has been found suitable. 
A circuit that has been used with a loop of these dimensions is shown in 
Fig. 255. For long waves the loading coil L is used to increase the wave 
length of the system. 

For direction finding, the primary inductance L-2 Fig. 254c is pref- 
erably split in the center so that the variable condenser C-2 may be in- 
serted. 

The Research Department of the Marconi Company has achieved 
noteworthy results with the loop and circuits of Fig. 256 with which 
signals have been received at long wave lengths over distances of several 
thousand miles. For wave lengths up to 18,000 meters the frame of the 
loop should be 4' square wound with 70 turns of 3 x 16 x 38 Litzendraht 
in 4 layers. The loop is coupled inductively to a 3- to 6-3tage resist- 
ance couplea amplifier using Marconi V. T.'s. The detection and amplifier 
circuit is the circuit of Fig. 184 and data for this are given in connection 
with that figure. 

For heterodyne or beat reception the local radio frequency current is 
supplied by another Marconi V, T. which is connected up as an oscillation 
generator. The coil L of the generating circuit is coupled inductively 
either to L-1 or L-2. The tube generating circuit is substantially that of 
Fig. 218. For long wave reception, the coil L and the condenser C 
must be of sufficient magnitude to generate oscillations between 18,000 
and 50,000 cycles. 

Throughout Fig. 256 grid leaks of 2 megohms are indicated at R. 
The coupling resistances R-l have resistance of 2 megohms each. The 
dimensions of the tuning elements for the circuit can be taken from 
Fig. 134. 

A suitable loop for 6000 meters is one four feet square wound with 50 
turns of 3 X 16 X 38 standard Litzendraht, The turns may be wound in 
3J^ layers and the circuit Fig. 256 should be used. 

Good results will be obtained when the loop aerial is erected inside of 
wooden buildings. The signals are reduced considerably when mounted 
inside of buildings with metal frames. 

The experimenter must bear in mind that the signals are maximum 
when the plane of the loop points in the direction of the sending station. 
Hence, for reception from all points of the compass the loop must be 
mounted so that it can be turned through an arc of 180°. The loop 
may be suspended from the limb of a tree or any convenient structure. 

The use of these loops opens to the experimenter a most interesting 
field of research. For one thing the fact that signals may be received 
over great distances with the antenna structure mounted indoors is in 
itself a good argument to warrant their adoption. 
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TWO-LOOP DIRECTION FINDER.— The circuits of a direction 
finding system used during the war are shown in Fig. 257. Two loops, 
known as the main and auxiliary loop, are mounted at a right angle 
on a common axis. The loops should be 4' square for moderate wave 
lengths, the main loop being wound with 12 turns of No. 18 annunciator 
wire, and the auxihary loop with 33 turns of the same size wire. To 
reduce the distributed capacitance of the loop the turns are preferably 
slightly spaced. Both loops are connected to a common detector circuit 
primary P. The connections from the auxiliary loop can be reversed by 
the switch 5-2 and the switch 5-1 disconnects the primary from the 
main loop and connects it to a coil L-1 which has the same inductance as 
the main loop. C-1 is a variable condenser of 0.001 mfd. 




loop ia found the su^Uvy loop i* iuitiTa 



The method of locating a transmitting station is as follows: Throw 
switch 5-2 to the left, close 5-1 to the top, and turn the loops for TuftTimiim 
signals. The main loop is now somewhat in line with the transmitter. 
Then throw 5-1 to the inductance L-l&nd if signals are still beiogreoeived, 
the auxiliary antenna evidently is receiving signals. 

Then revolve the loops still further (up to 90 ") and change S-2 from 
one position to the other with the switch 5-2 closed to the nuun loop. 
As long as current is flowing in the auxiliary antenna reversing 8-2 wul 
either increase or decrease the signals. 



>d by Google 



Direction Finding Systems 




/u^ —1— /tl CERUSITC 1 



ill 
I 



>db,Google 



318 



Wireless Experimenter's Manual 



By turning the loops farther a position will be found where, with the 
switch S-2 in either position, the signals will not be affected. The plane 
of the main loop now points along the line of the direction of the sending 
station. It then receives the maximum induction from the passing wave, 
whereas the auxiliary loop is not affected. 

As pointed out before, the position of a loop aerial for maximum sig- 
nals is not sharply defined, but by means of the balancing system pro- 
vided here the position of the main loop for maximum signals can be 
very accurately located. The auxiliary loop evidently serves as a good 
check on the position of the main loop for maximum signals, for if the 
main loop is not in the position for maximum induction, the auxiliary loop 
will become active and snow by its effect upon the signals from the main 
loop that the direction of the sending station hasnot been accurately located. 



MARCONI TWO-LOOP 
DIRECTION FINDER.— 
This system has been used 
commercially for a number 
of years. Two single turn or 
multi-turn loop aerials are sup- 
ported by any convenient 
structure at a right angle and 
their terminals are connected 
to the primaries of a device 
called a goniometer. These 
primaries combine to produce 
a resultant magnetic field which 
acts upon a common detector 
circuit through the agency 
of a rotating exploring coil. 

The fundamental circuit is 

shown in Fig, 258, Loop A 

B is erected at a right angle 

to loop C D. The former is 

connected to the goniometer 

primary L and the latter to 

the goniometer primary L-1. 

Condensers K and K- 1 are inserted in the middle of each pnmary , They 

are mounted on a common shaft so that their capacity may be 

varied simultaneously. 

The exploring coil L-2 rotates in the resulting magnetic field and lie 
terminals are connected to the detecting circuit through the intermediate 
circuit L-2, V, L-3. The intermediate circuit may be omitted and the 
coil L-2 connected directly to the terminals of the variable condenser 
C-1 . A Marconi V. T. may be substituted for the crystal detectors shown. 
The construction of the goniometer is shown in Fig. 259, It will be 
noted that the goniometer coils (marked L and L-1 in Fig, 258) are 
crossed at a rightangle . One suitable for amateur use will be described later. 
The operation of the direction finder is as follows: When one of the 
loops points accurately in the direction of the transmitter, it alone is 
active, and the other is inactive. If the exploring coil L-2 is then turned 
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to receive the maximum energy from the corresponding goniometer 
primary, the pointer mounted on its shaft will point in the direction of 
the plane of the loop. The same results are obtained from the other loop 
when it alone is acted upon. 

If the advancing wave strikes the two loops at any angle, a resultant 
field will be set up within the goniometer bearing a direction at ri|ht 
angles to the direction of the advancing waves. Then, when the exploring 
coil L-2 is turned to receive the maximum induction from the resulting 
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field, the pointer vnll he along the direction of the transmitting station. 
The resultant fields for two cases are shown in Figs. 260 and 261. Fig. 
260 shows the field around the goniometer primary when one loop is 
being acted upon alone. Fig. 261 shows the resultant field when the 
advancing wave acts upon both loops at equal angles. For any other 
angle, the resultant field will shift accordingly, 

A suitable goniometer will now be described for reception at amateur 
wave lengths. The dimensions and the constructional details appear in 
Figs. 262 to 265. The chief part of the equipment is the goniometer, 
which utilizes the energy of both loop aerials to affect the detecting cir- 
cuit. Briefly, it will be noted that the goniometer consists of two identical 
rectangular coils mounted co-axially at an angle of 90 ° with an exploring 
coil located in the center. Each coil is wound with 8 turns of No. 26 
wire and is interrupted at the exact center so that a series tuning condenser 
may be inserted. 

The exploring coil mounted on a vertical axis at the center of the 
rectangles is constructed like the rotating coil of a variometer and is 
wound full with No. 28 s.s.c. wire. The terminals of the ball winding 
are connected to the detecting circuit as in Fig. 258. The ends of the 
goniometer primaries are connected to the two triangular loops in the 
manner shown in Fig. 262. 

The chief requirements of an operative direction finder set are satis- 
fied if the general design outlined above is adhered to. It makes little 
difference, from a mechanical standpoint, in what manner the experi- 
menter mounts the rectangles and the exploring coil, for if the two 
rectangles are permanently fixed at a right angle, and the exploring coil 
is accurately centered inside, a workable apparatus will result. The 
advantage of the Marconi radiogoniometer over some other systems is 
that the loop aerials need not be turned, as the direction of a sending 
station is determined simply by rotating the exploring coil. 

Fig. 262 is a top view of the two goniometer primaries, and shows 
the connections from these to the loop antennae. The primaries L and 
L-l cross each other at a right angle, the primary L being mounted 
slightly above L-l. Coil L-l is interrupted at A}, B^ for connection 
with the variable condenser K-l; similarly coil L at A', B' to include the 
variable condenser K. The condensers are identical in construction, and 
in capacity, and both are mounted on a common shaft rotated by the 
control handle H. The condensers are insulated from each other by the 
hard rubber sleeve B-i. A pointer which moves over a 180" Scale 
should be attached to the shaft 

Each goniometer primary has exactly 8 turns plus the length of the 
top pieces (Fig. 262), spaced j^", slots being sawed in the top and bottom 
frames to take the wire. 

Fig. 263 affords an idea of the goniometer in elevation. Each rect- 
angular coil is 6J4'' high, 5* long (at its maximum diameter) and 2^' 
wide. A 5^" brass rod passes through the top, through the support for 
the coils L and L-l, and finally terminates in a bearing in the base. 
The variometer ball is mounted at the exact middle of the goniometer. 
The dimensions of the ball are given in Fig. 264. The shaft also carries 
the control handle and a pointer which moves over the scale shown in 
Fig. 265. 
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Fig. 264a shows the dimensions of the top and bottom supports for 
the rectangular coils. The support for one coil A is spread out at the 
ends to take machine screws for holding the supporting hard rubber 
rods fi-1 in Fig. 263. The support B for the other coil is screwed to A , 
but a slight air gap is left to permit the wire to be fished through during 
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the winding of the coils (see Fig, 263). Slots He" wide are cut in both 
A and B to take the wire. 

Careful scrutiny of these sketches will reveal that the variometer ball 
winding must be placed in position before the turns are wound on the 
frames. Placing these turns would indeed be tedious were it not for 
the fact that they are few in number. It will also be clear that the cir- 
cumference of the supports A and B represents a circle 5" in diameter. 
That is to say the diameter of the goniometer looking down from the 
top is 5*. 

Note that the scale in Fig. 265 is calibrated from 0° to 180° in both 
directions. The zero index should be placed along the line marked N S 
in Fig, 262. If the line iV5 is in the direction of the geographical or 
magnetic north pole the direction of a sending station is readily located 
with the aid of a map. The possible towns or cities from which such 
signals emanate may be recorded for future reference.* 

Suitable loop aerials for moderate wave lengths are shown in Fig. 266, 
where each has the form of an isosceles triangle. Each loop has but one 
turn for short waves up to 600 meters, for longer waves two or three 
turns may be used. As long as they are symmetrical, the loops may have 
the shape of a square, a rectangle, or a circle. The aerial in Fig, 266 
is 40 feet high and 30 feet long at the base. The lead-in wires W, and 
Wi should be placed at least 5 feet above the earth. The two loops 
must be symmetrical in every respect. 

CALIBRATION OF THE GONIOMETER.— The terminals of the 
two-loop aerials in Fig. 262 are marked SF, P A,S A,PF. These letters 
refer to their positions aboard ship, and mean respectively, starboard 
forward, port aft, starboard aft and port forward. Thus the line JV S 
in Fig. 262 would be the bow and stern line of the vessel. Whether or 
not the terminals of the loops are connected to the proper terminals of 
the goniometer primaries can be checked up by a wavemeter set into 
excitation by a buzzer. The method of calibration follows: Place the 
coil of the wavemeter (with buzzer active) in abutment with the side of 
the loop P F. Rotate the exploring coil (after resonance has been estab- 
lished by turning the variable condensers) until a signal maximum is 
obtained. The plane of the exploring coil should then coincide with the 
plane of the corresponding goniometer primary, in this case the coil 
L-1 Fig. 262; that is; the pointer should lie on the goniometer scale in 
the position 45°-135°. 

Then place the wavemeter coil in abutment with the other loop at 
the side S F and follow the same process. If the second loop requires 
re-tuning of the detector circuit for maximum signals it is an indication 
that the loops are unsymmetrical. This should be corrected immediately 
and it will probably be found that the wires of one of the loops are not 
pulled taut. 

Now place the wavemeter exactly midway between the sides of the 
loops corresponding to P F and S F, and turn the direction finding 

ir< in useln Uie U. S. Navy vlilch Kives Ihc absolute direclioD K[th a fair degree' of accuracy. !n ttJan>- 
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pointer for a signal maximum. The pointer sliould then lie on the position 
O'-ISO" and the signal should disappear in the position 90°-90°. If the 
maximum is obtained in the position QO'-QO", reverse the connections to 
one of the goniometer primaries. 

In the actual Marconi set, a small wavemeter, giving x = 300 and 
x = 600, is placed immediately above the goniometer box with the four 
leads from the two loops through the corners of the box. Thus since 
both loops are excited symmetrically, the instrument can be tuned to 
any given wave length in advance of the reception of signals. The com- 
plete goniometer can at the same time be checked up for accuracy and 
correct connections. 

In order that the signals from the buzzer will be heard when the 
wavemeter is a small distance from the loops a Marconi V. T. should be 
used as the oscillation detector. During calibration the wavemeter should 
be set at various wave lengths and the positions of the variable conden- 
sers K and K-1, and the secondary variable V-\ (Fig, 258) noted. 

The goniometer and aerials just described will respond up to 600 
meters, but by the use of suitable loadings or multiturn loops, much 
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longer waves can be received. The possible wave length range is of 
course governed largely by the dimensions of the loops. 

To find the direction of a sending station proceed as follows: Tune 
the loops to the desired 
wave length (if known) by 
a wavemeter. Turn the 
handle of the exploring coil 
until a signal maximum is 
obtained. The pointer 
should then lie along the 
general direction of the 
sending station. Now that 
the general line of direc- 
tion of the sending station 
has been determined, other 
means must be employed 
to find out on what side 
of the receiving loop the 
signals are transmitted. 
The observer, if he be at 
a land station and the land 
station is not on an island, 
obviously can locate the 
absolute direction of the 
ship sending, but if he is 
aboard a ship or on an 
island other means must be 
employed to indicate on 
which side of the receiving 
station, the station sending 
is located. 

If the position of the 
pointer for a maximum ia 
not sharply defined, the 
jOfj operator should observe the 

" " n. scale readings on both sides 

Fia.26«. .TtigriBuliirloopBPrialB for use with the Mareoni of maXimUm whcrC the 

J'"rrirp^ai"™pl";i°"'"''"''°*"'™^"""""'"' signals mst disappear. A 
mean of these readings is 
then taken for the maximum. The three-bulb Marconi V. T. set of 
Fig, 183 should be used for long distance reception at short wave 
lengths. The goniometer described here will be used in connection 
with Weagant's static eliminator explained briefly in the following 
chapter. 
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CHAPTER Xm 

WEAGANT STATIC ELIMINATOR— UNDERGROUND 

AERIALS 

GENERAL. — Until Weagant's epoch-making discovery, no satis- 
factory solution of the static problem had been presented. His researches 
Beem to indicate that the predominant types of static tvaves may be clas- 
sified under two headings, viz., "grinders" and "clicks," The former 
are the kind that cause a continual grinding sound in the telephones and 
are especially strong in the temperate zone during the summer months. 
The latter are more like the detonations of cannon fire taking place at 
irregular intervals. 

Like wireless waves, clicks appear to be propagated horizontally; 
while grinders are propagated vertically and they affect simultaneously 
aerials separated by great distances. This latter observation served as a 
basis for the development of practical apparatus and the results obtained 
in the earliest experiments justified the hypothesis to a large degree. 

The interference from grinders is most prevalent in the warm season 
from noon to the sunrise of the following morning. Clicks are most 
noticeable during the cooler periods of the year and day. They do not 
interfere with reception as extensively as grinders, unless the incoming 
signals happen to be very weak. 

The interference of grinders may be eliminated satisfactorily by 
Weagant's two-aerial system, but to do away with the "jamming" 
of both grinders and clicks, he devised a three-aerial arrangement which 
has proved very satisfactory. 

It may be well to mention here that one reason why the former at- 
tempts to eliminate static interference have proved unsuccessful was due 
to the belief generally held that the frequency of the static currents in 
receiving antennae differed from the frequency of the signal. Weagant 
has proven conclusively that the static currents partake of the frequency 
of the antenna system whatever it may happen to be, and hence any 
attempts to utilize simple balancing circuits outside of those used in the 
system devised by Weagant prove fruitless. 

Obviously it is impossible to separate two currents of the same fre- 
quency in the same circuit in any ordinary radio receiving system. 
However, by employing the principle discovered by Weagant an inter- 
fering current of the same frequency but of different wave form than the 
desired current can be balanced out most effectively. As will be pres- 
ently understood, he took advantage of the apparent vertical propagation 
327 
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of static "waves" as contrasted with the horizontal propagation of wireless 
waves to devise a system whereby the signal currents can be retained 
while the static currents are annulled. 

WEAGAWT'S TWO-AERIAL SYSTEM.— The fundamental principle 
may be explained by the aid of Fig. 267. Let loops A' and B' be 
separated one-half ,wave length from center to center and assume that 
the arrows A indicate passing signal waves. Then let the downward 
pointing vertical arrows represent vertically propagated static waves. 
Evidently loops A' and B' are acted upon simultaneously by the 
static waves, whereas any half cycle of the signal wave acts first on one 
loop and then on the other. That is when the positive half of the signal 
wave acts upon loop B' , the negative half acts upon A' . 



I 1 I I I I I I Ul I I I I I I I 




If now both loops are coupled to a common detector circuit L-3, 
the effect will be as follows: The static currents will flow in the same 
direction in both loops (as indicated by the single pointed arrows) and 
in the particular illustration under consideration, will go up throui^ the 
coil L-2 and down through the coil Z-1. The magnetic fields of L-1 
and Zf-2 are thus in opposition and substantially no static currents will 
flow in the detecting circuit L-3, 

The signaling currents in the two loops, however, flow in oppomte 
directions (as indicated by the two-pointed arrows) and as a result, ^ 
signal current goes down the coil h-\ and down the coil i-2, "ti^Sx 
e.m.f.'s add and if the loops are spaced y% wave length the s^nals vill 
be twice as strong as with one loop. 

In practice L-1 and L-2 are the primaries of a goniometer Huch as 
described in Figs. 258 to 266, while L-3 is the inner or rotating coil. 
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To balance out static it is then only necessary to turn the rotating coil 
until a signal maximum is obtained, the balancing being done by the 
goniometer itself. In one position of the goniometer the signals will be 
a maximum and the static interference a minimum. If the exploring 
coil is now turned 90°, the static interference will be a maximum and the 
signals a minimum. 

One-half wjawe length separation of the loops will give the beet results 
but a general order of the result will be obtained with any spacing. For 
one-half wave length separation at 10,000 meters, the distance from 
center to center of the loops Fig. 267 should be 5000 meters = 16,250 feet 
(approx.) = 3 miles. The entire antenna system will then be 6 miles 
long. Such an installation is now in operation at Lakewood, N. J., and 
the results secured are most satisfactory. 

THE PRACTICAL CIRCUIT FOR THE TWO-AERIAL SYSTEM. 

— This is shown diagrammatically in Fig. 268. Long single turn loops 
spaced from 5 to 15 feet between wires are employed. To improve the 
tuning suitable loadings L-9 and L-IO are inserted in the middle of each 
loop. 

The balancing is done in a goniometer L-1, L-2, i-3 like that of Fig. 
258. The switches S-3 and S-i are provided so that the primary con- 
densers may be connected in series or in parallel with the loops. Switches 
iS-1 and S-2 are employed to reverse the connections between the gonio- 
meter and the incoming leads. This is essential in order to obtain a 
satisfactory balance. 

Another switch iS-7 is placed between the rotating coil L-3 of the 
goniometer and the detector circuit. C-3 is a variable condenser con- 
nected in series with L-3. L-9 and L-IO are loading coils of 30 millihenries 
each for x = 12,000 meters and 5 millihenries for x = 6000 meters. Damp- 
ing resistances of 1000 ohms are sometimes connected in the leads. 

The procedure for balancing out static currents is as follows: First 
tune one loop to the desired signal and then the other. Then rotate L-3 
until the signals are a maximum and static a minimum. Then to ascertain 
if a better balance can be obtained try series or parallel goniometer tuning 
and reversing the leads. 

THE TWO-AERIAL SYSTEM APPLIED TO AMATEUR USE.— 
The amateur with the space to erect these loop aerials should be able to 
utilize the Weagant system to good advantage. The upper and lower 
wires of the loops can be mounted on fence posts or perhaps permission 
can be obtained to erect them on local telephone poles or between trees. 
The upper and lower wires of a barbed wire fence may be employed if 
the fence lies in the proper direction for the station which it is desired 
to receive. 

For X = 200 meters, the centers of the Weagant loops should be spaced 

200 

-H— = 100 meters = 325'; and the whole antenna system will be 2X325 = 

650' long. A simple goniometer may be used for balancing purposes 

and no loadings will be required. Series goniometer tuning will perhaps 
provide a balance and hence the circuit of Fig. 268 can be considerably 
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simplified, by eliminating the switcheB S-Z and S-4. The variable 
condensers C-1 and C-2 should be connected in place of the knife blade 
switches 5-5 and 5-6. The reversing switch^ S-1 should remain. 

The experimenter must remember that these loops possess directional 
characteristics and that for maximum signals the planes of loops must 
point in the direction of the sending station. Fair signals can, however, 
be obtained at a considerable angle to the loops. But any signal prop- 
agated perpendicularly to the planes of the loops will not be heard even 
when the loops are tuned to resonance with it. If the relative phases 
of the currents in two loops are adjusted by the series condensers, the 
system can be made uni-directional receiving with maximum intensity 
off either end desired.* For such work the loops should have one-quarter 
wave length separation. 

The necessary value for the loadings L-9 and L-IQ for x = 200 meters 
are not known, but it is recommended that coils of 0.5 millihenry be 
tried. If the tuning is not satisfactory other values may be tried until 
sharp resonance is secured The coils should be of the air core type 
baked in a waterproof compound. 

The working circuits of the Weagant three-aerial system are shown in 
Fig. 269. In this method the two loops are used in such a way that they 
have been called a "static tank " The main receiving aerial is a long low 
horizontal wire A-l, erected immediately underneath the loops. The 
two loops and the receiving aerial are coupled to a common detector 
circuit through suitable goniometers. The goniometer which is con- 
nected between the two loops is adjusted to give static currents but no 
signals. The horizontal receiving aerials on the other hand, picks up 
both static and signals. The static currents generated in the static tank are 
then balanced against those in the receiving aerial, leaving the signal currents 
which are heard in the head telephone. Experiment proves that the static 
tank is a source of static currents generated by both grinders and clicks. 
Hence, both the grinder and click currents induced in the receiving aerial 
may be balanced out and the signal currents retained. It is due to the 
fact that the static tank picks up some of the. energy of both grinders 
and clicks that the three-aerial system is superior to the two-aerial 
arrangement. The latter is only effective ^n reducing the interference of 
grinders. The three-aerial system is the most perfect static eliminator 
yet devised as it permits reception at all times except during local 
lightning storms. 

UNDERGROUND AERIALS.— The long low horizontal aerials used 
extensively by the U. S. Navy were first employed by G. Marconi. 
Signals were received over great distances. Zenneck's "Wireless Teleg- 
raphy" reports that similar antennae have been used by Braun, Kiebhtz 
and others. Weagant used these aerials at New Orleans early in 1914. 

At present the method is to bury these aerials two or three feet below 
the earth's surface. But the mode of operation is the same if they are 
buried below or placed slightly above the earth's surface. 

The fundamental idea of the underground aerial system is disclosed 
in Fig. 270 where two long horizontal aerials extending in opposite 
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directions are laid below the surface of the earth. The receiving station 
is located midway between them. It is apparent that the electrostatic 
capacity of the underground wires in respect to the true conducting earth 
plays an important part in their operation, so much so that these aerials 
probably function as loops. This is substantiated by the observation 
that there is an optimum length which can be employed for a given range 
of wave lengths and that even the material of the insulation covering the 
wire governs the optimum length. Experimenters unacquainted with the 
facts have been given the impression that underground aerials give better 
signals than other types, but this is not true as will soon be found out by 
actual test. The signals are generally weaker than those obtained with 
antennae above the earth and the signal to static ratio is not improved 
except through the balancing out effects obtained by the wave length 
separation of the two aerials. A small frame aerial wUI give just as good 
results with much less labor in installation. 



mmmitsfi 
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Experiment indicates that if the system of Fig. 270 is employed for 
reception at wave lengths between 450 and 1000 meters, and No. 12 
d.r.c. is used, each wire should be about 150 feet in length. If standard 
20,000-volt high tension cable is employed the wires should be about 
250' in length. In the first CEise, the complete antenna system will be 
300' long, in the second case 500' long. Whether or not the average ex- 
perimenter will be inclined to dig a 500-foot ditch is a matter on which 
the author would rather not pass an opinion. 

Although the receiving set is generally coupled to the center of the 
underground antenna system as in Fig. 270, a single wire grounded at 
one end may be used as shown in Fig. 271. The series antenna con- 
denser of Fig. 270 is usually necessary for maximum signals. 

For short wave lengths the finding of the "optimum" length of the 
underground aerials — the length for best signals — is a tedious job and 
must be determined by experiment. The procedure is to bury a 300- 
foot high tension cable say 3' , and bare the cable every 20' tor the last 
100' toward the free end. The cable is brought to the surface at each ' 
break and different lengths tried until the best signals are secured. The 
optimum length varies markedly with the nature of the soil and the size 
and insulation of the wire. If tests indicate that the strongest signals 
apparently are to be obtained between two breaks the intervenii^ 20- 
foot length must be tapped at three or four places and further trials made 
for maximum signals. 
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When the optimum length is thus found, the splices are taped and 
then vulcanized, or insulated in any serviceable way. The free ends 
must be particularly well insulated. The last two feet of the wire at the 
free end may be inserted in a rubber tube and filled with sulphur, or the 
ends may be vulcanized or coated with a good insulating compound. 
All "grounds" and "leaks" must be carefully avoided. 
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As in the complete metallic loop system the plane of the underground 
aerial must point in the direction of the sending station. For universal 
reception, 8 points of the compass should be covered as in Fig. 272 and 
switches provided for each pair of aerials. Or if the majority of stations 
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lie in a definite direction one pair of aerials may be laid down in the plane 
of these stations- They should be accurately surveyed for any given 

transmitting station. 




laid down at slight ancle. 



A "stand-by" circuit is obtained by having one aerial at a right angle 
to the other as in Fig. 273. Thus, if A, runs north and south, Ai 
should run east and west. 

For long waves between 4000 and 15,000 meters, two 1200-foot aerials 
made of No. 10 or 12 d.r.c. wire are used. Better signals are often ob- 
tained with greater lengths up to 2400' , which is usually the optimum 
length that can be employed. The probable reason for this is that at 
such lengths, the capacity to earth is excessive, providing several paths 
to earth. Rogers, who has conducted numerous experiments with these 
aerials, claims that the optimum length may be considerably increased by 
covering the conductors with metallic casings at equally spaced inter- 
vals. Those casings are not in contact but they are connected to earth. 
They are well insulated from the aerial conductor. 

In comparing the practicability of underground aerials with common 
types, it becomes evident that only the amateur who lives on a farm or in 
some isolated community will be able to use an undei^round aerial. 
Extensive ditch digging in congested areas is liable to induce litigation, 
particularly if the ditch crosses two or three private propertiesl The 
question to be settled is, which of the two undertakings involves the least 
labor for reception at short wave lengths, the digging of a 60(>-foot ditch 
or the erection of a 100-foot flat top aerial? 

Without doubt, the small frame aerials erected indoors will appeal 
most to the ambitious experimenter who desires to receive long distuice 
signals by an up-to-date method. 
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CHAPTER XrV" 

LONG DISTANCE RELAYS BY RADIO— WAVE 
LENGTH OF HIGH POWER STATIONS- 
GENERAL INFORMATION RE- 
GARDING INSTALLATION 

GENERAL. — One of the chief pleasures of the advanced experi- 
menter is the transmission of wireless telegrams over great distances. 
The despatch of wirelesa signals with low-power sets and small aerials 
over distances up to 1500 miles indicates the progressive age in which 
we live. Imagine the effect of such a suggestion 25 years agol Only 
the most ardent dreamer would have dared to cherish such a theory. 
Yet, to-day mere boys are doing this work with apparatus which they 
have generally constructed themselves. 

The beginner must realize, however, that such long distance com- 
munication can only be eftected in the temperate zone at night, during 
the favorable months of the year. During the day much greater power 
inputs than those used by amateur stations are required to establish 
continuous communication over such distances. The daylight range of 
a 200-meter set is limited to something like 200 miles, but at night the 
above mentioned distance of 1500 miles has been exceeded. 

SELECTION OF STATIONS AND PERSONNEL FOR LONG 
DISTANCE RELAYING.— Usually, stations which are known to have 
done consistent long distance service are selected for this work. One 
organization has divided the U. S. into six sections, known as the At- 
lantic, Gulf, West Gulf, Central, Rocky Mountain, and Pacific divisions. 
Each section is under a division manager. 

Division managers appoint the assistant division managers and the 
district superintendents. Applications for appointment to the trunk 
line pf the organization are made to the district superintendents, who 
have charge of all traffic arrangements. The superintendents report to 
the assistant division managers, the assistant division managers report 
to the division managers; and they, in turn, report to the traffic manager, 
who is responsible t« and reports to the Board of Directors. 

The superintendents form the points of contact with the general 
membership of the league. In addition to this they see that local clubs 
are formed and affiliated with the league in every town of their district 
with a population large enough to warrant an organization. These local 
clubs aim to handle local traffic and to educate the radio beginner of the 
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locality, that he may be of greater value in the radio field and understand 
the proper operation of his station. The affiliation of these numberless 
radio clubs throughout the country will build up an organization large 
and powerful enough to offer determined and effective resistance against 
any future measures which interfere unduly with amateur radio work. 

Needless to say the owner of a relay station should be an expert operator; 
capable of taking down at least 26 words per minute. He should be 
thoroughly familiar with the methods of handling traffic at Government 
and commercial stations. He should know the U. S. laws and the In- 
ternational regulations; and should enforce them in his immediate vicinity. 
A campaign of education conducted by a local radio club is the most 
effective means of impressing the beginner with the requirements of a 
law-abiding station. The relay station should conform to the wave 
length restrictions and make sure that the power input does not exceed 
that required by law, viz., ^ kw. near Government stations and 1 kw. 
at greater distances. The station should be neatly wired and installed 
in accordance with the underwriters' rules. 

A three-stage, vacuum tube set should be used for long distance 
reception. A regenerative set will serve if the distance to be covered is 
not too great. 

The station should be equipped with a quick operating change-over 
switch so that no unnecessary time is lost in changing from transmission 
to reception. 

Prolonged calling of stations should be avoided in the despatch of 
traffic. Brief calls at short intervals will be just as effective. Needless 
repetition of words should be avoided except when "static" interference 
is strong. Sending schedules should be arranged in advance to be sure 
that the receiving operator is at his post. 

Neither a relay station or a "cross-town" station should "hog" the 
air. All good operators have equal rights but a beginiier should "keep 
out" until he becomes an efficient operator. A "ten-word-a-minute" 
operator is a nuisance and should not be allowed to operate his set when 
located in the vicinity of a great number of stations although the law at 
present permits him to do so. 

A station when communicating no more than 5 or 10 miles should 
never use full power but should employ the lowest power consistent with 
readable signals The key should never be "held down" for testing while 
other stations are working Attention to these suggestions will go toward 
maintaining peace and harmony. Always "listen in" before you seed 
in order to see what is going on and whether or not your sending will cause 
interference. 

REGARDING INSTALLATION.— All power circuits should be 
placed in metal conduit or metal moulding and the outside casing grounded 
to earth. Protective condensers should be placed on the power lines. 
Transmitting aerials should never be erected over power, lighting, or 
telephone wires, but if possible, should be swung at a right angle to them. 

The power circuits of the r&dio transmitter should be connected up 
with No. 10 or No. 12 r.c. wire, the secondary circuit with No, 16 or 
18 wire. The primary circuits should be equipped with appropriate 
fuses. The antenna lead-in wires should equal in conductivity the flat 
top portion of the aerial. 
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Receiving sets may be wired up with No. 18 annunciator wire. There 
is no advantage in having more than two wires in the receiving aerial. 
The transmitting aerial should have at least four wires. Two-foot hard 
rubber or bakelite insulators should be used at either end of a transmitting 



WAVE LENGTH OF HIGH POWER STATIONS.— At the present 
writing the wave length name and call letters of active high power stations 
are as follows: 
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TOOLS. — The first essential tools are a pair of 6-inch pliers, two 
or three screw drivers of different sizes, a soldering torch, an electrician's 
knife, a soldering iron, a small wrench and a pair of "nippers." A hand 
drill with an assortment of small drills is very useful. Other tools will 
be added from time to time. 
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APPENDIX 

USEFUL INFORMATION CONCERNING 
MARCONI V. T.'s 

The following summary may be of benefit to the amateur experi- 
menter who is doubtful regarding the exact values of the coupling re- 
sistances to be used in cascade amplifiers with the Marconi V.T., and 
who desires to know under what conditions the resistance coupled 
amplifier is superior to transformer coupling, etc. It is believed that 
the following data will clear the matter in all its details. The experi- 
menter should bear in mind that Marconi tubes are sold in two grades, 
known as Class I and Class II. 

(1) For extremely high amplifications using five valves or more, 
successive valves should be coupled through resistances. 

(2) For radio frequency amplijication with resistance coupling (which 
is practical for wave lengths above 3000 meters, but it is of no value for 
200 meters) a coupling resistance of }/^ megohm should be employed. 

(3) For atidio frequency amplijication the coupling resistances should 
be of 2 megohms. These will provide a voltage amplification factor of 
7 for each tube, and the method is of practical value up to 7 stages of 
amplification. A total amplification of (7') or 823,543 will be obtained. 

(4) For two-stage amplification, transformer coupling is desirable, 
particularly on short wave lengths. 

(5) Using two stages of audio frequency amplification with trans- 
former couplings, an amplification of 400 will be obtained. Three 
stages. of amplification are practical with transformer couplings, pro- 
vided the filament currents for each tube are regulated by rheostats 
to prevent "howling." 

(6) Using Class II Marconi tubes in connection with one of the 
Federal Company's audio frequency transformers, a voltage amplifica- 
tion of 20 is obtainable. 

(7) When using Class II Marconi V. T.'s, grid leaks of 2 megohms 
each, should be connected to the grids and the positive side of the fila^ 
ments. 

(8) Using class I Marconi V. T.'s, grid leaks of 2 megohms should 
be connected between the grid and either the positive or negative side of 
the filament, depending upon the particular tube in use. The correct 
connection is readily found by experiment. 

(9) Class II Marconi V. T.'s require a plate battery of 60-80 volts 
for amplification and 45 volts for detection. 
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USEFUL TABLE FOR DETERMINING THE WAVE LENGTH, 




FREQUENCY AND OSCILLATION CONSTANT OF 






RADIO 


FREQUENCY 


CIRCUITS 






X 


= wave-length in meters. 








A» 


= wave-length squared. 

= number of oscillations per second. 








o 


= V LC and is called the oscillation constant. 






c 


= capacity in microfarads. 








L 


= inductance in- centimeters (1,000 cms. = 1 microhenry). 




D 


= difference of L C for 1 meter. 








X 


x> 


n 



VTc 


LC 





100 


10,000 


3000000 


1.68 


2.82 


.042 


110 


12,100 


2727272 


1.80 


3.24 


.c*t 


lao 


14,400 


2500000 


2.02 


4.08 


^ 


130 


16,900 


2307600 


2.18 


4-75 


•077 


140 


19,600 


2142600 


2-35 


5-52 


4)83 


150 


22.500 
25,600 


2000000 


2.52 


6-35 


.081 


160 


1874800 


2.68 


7.16 


.096 


170 


28,900 


1764600 


2.8s 


8.12 


.10 


180 


32*0 


1666600 


3.02 


9.12 


.105 


190 


36,100 


1578800 


3-19 


10.17 


.112 


200 


40,000 


1500000 


3.36 


11.29 


.11 


210 


44.100 


1428400 


352 


12.39 


•133 


220 


48,400 


1363500 




13-62 . 


. .1^ 


230 


52,900 


1304200 


3.86 


14.90 


•134 


240 


57,600 


1250000 


403 


16.24 


.131 


250 


62,500 


1200000 


4.19 


17-55 


.146 


260 


67,600 


1153800 


4.36 


19.01 


-IS 


270 


72,900 


IIIIOOO 


4-53 


20.52 


•■57 


280 


78,400 


1071300 


4.70 


22.09 


.163 


290 


84,100 


1034300 


4.87 


23.72 


.158 


3<X) 


90,000 


1000000 


S03 


25-30 


■>74 


3"0 


96,100 


967700 


5.20 


1^ 


.18 


320 


102,400 


937400 


5-37 


28.84 


.185 


330 


108,900 


909100 


5-54 


30.69 


.18 


340 


115,600 


882300 


570 


32-49 


••97 


350 


122,500 


857100 


587 


34-46 


.20 


360 


129,600 


833300 


6.rf4 


36.48 


.208 


370 


136.900 


810800 


6.21 


38.56 


:^ 


380 


144,400 


789400 


6.38 


40.71 


390 


152,100 


769200 


6.54 


42.77 


.226 
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X 


x» 


" 




vrc 


LC 


D 


400 


160,000 


750000 


6.71 


45-03 


23 


410 


i68,roo 


731700 


6.88 


47-33 


237 


420 


176400 


714300 


7.05 


49-70 


228 


430 


184,900 


697700 


7.21 


51-98 


248 


4*3 


193.600 


681800 


738 


5446 


254 


4S0 


202,500 


666700 


7-55 


57-00 


26 


4fio 


211,600 


652200 


1% 


59-60 


265 


470 


220,900 


638300 


62.25 


255 


480 


230,400 


625000 


8.05 


64.80 


277 


490 


240,100 


612200 


8.22 


67-57 


282 


500 


250,000 


600000 


839 


70-39 


288 


Sio 


* 260,100 


588200 


8.56 


73-27 


277 


520 


270,400 


576900 


8.72 


76.04 


299 


530 


280,900 


566000 


8.89 


79-03 


305 


540 


291.600 


555600 


9.06 


82.08 


3" 


S50 


302,500 


545400 


9.23 


85-19 


317 


S6o 


313.600 


S3S700 


9.40 


88.36 


303 


570 


■ 324,900 


526300 


956 


91-39 


328 


580 


336400 


517200 


9.73 


9467 


334 


590 


348,100 


508500 


9.90 


98-01 


340 


600 


360,000 


500000 


10.07 


10141 


324 


610 


372,100 


491800 


10.23 


10465 


35 


620 


384.400 


^3900 


10.40 


108-15 


358 


630 


396,900 


476200 


10.57 


III-73 


362 


6*. 


409,600 


486800 


10.74 


"5-35 


346 


650 


422,500 


461500 


10.90 


1 18-81 


373 


660 




454600 


11.07 


122-54 


380 


670 


448,900 


447800 


11.24 


126.34 


38s 


680 


462,460 


44I200 


11.41 


130-19 


39" 


690 


476,100 


434800 


11.58 


134.1C 


373 


700 


490,000 


428600 


11.74 


137-83 


403 


7JO 


504,100 


422500 


11.91 


141-86 


407 


720 


518,400 


416700 


12.0S 


145-93 


414 


730 


532,900 


41 1000 


12.25 


150-07 


394 


740 


547,600 


405400 


1241 


154-01 


426 


750 


562,500 


400000 


1258 


158-27 


430 


760 


577.600 


394800 


12-75 


162-57 


426 


770 


592,900 


389600 


12.92 


166.83 


443 


780 


608,400 


384600 


1309 


17135 


432 


790 


624,100 


379800 


13-25 


'75-57 


453 


Sao 


640,000 


375000 


1342 


18010 


459 


810 


656,100 


370*00 


13-59 


18469 


461 


820 


672,400 


365900 


13-76 


189-33 


472 


830 


688,900 


361400 


1393 


19405 


448 


8^ 


705,600 


357roo 


1409 


198.53 


482 
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\ 


Kt 


» 





LG 


D 


850 


722.500 


352900 


14.26 


203.35 


489 


860 


739,600 


34S800 


1443 


208.24 


493 


t^ 


756.900 


344800 


14.60 


213.17 


^ 


880 


774,400 


340900 


14.76 


217.86 


504 


890 


792.100 


337100 


■4-93 


222.90 


511 


900 


810.000 


333300 


15.10 


228.01 


516 


910 


828.100 


329700 


15.27 


233-17 


492 


920 


846.400 


326100 


15-43 


238-09 


527 


930 


864,900 


322600 


15.60 


243-36 


534 


940 


883,600 


319100 


15-77 


248-70 


538 


950 


902,500 


315800 


■5-94 


254.08 


H5 


960 


921.600 


312500 


16.1, 


259-53 


5l8 


970 


940.900 


309300 


16.27 


264.71 


567 


980 


960,400 


306100 


16.44 


270.38 




990 


980,100 


303000 


16.61 


275.90 


567 


1000 


1000,000 


300000 


16.78 


281.57 


543 


1010 


1020,100 


297030 


16.94 


B87.00 


570 


1020 


1040,400 


294120 


17.11 


292.70 


590 


1030 


1060,900 


291260 


17.2S 


298.60 


590 


1040 


io8r.6oo 


288450 


1745 


30450 


60 


1050 


1102,550 


285710 


17.62 


310.50 


56 


1060 


1 1 23,600 


283010 


17.78 


316.10 


61 


1070 


1144,900 


280370 


17-95 


322.20 


6r 


1080 


1166,400 


277780 


18.12 


32a3o 


62 


1090 


1188,100 


275230 


18.29 


334.50 


59 


IIOO 


1210,000 


272730 


.8.45 


340.40 


63 


mo 


1232,100 


270270' 


18.62 . 


346.70 


6» 


1120 


1254,400 


267850 


18.79 


353-IO 


64 


1130 


1276.900 


265480 


18.96 


35950 


65 


i 140 


1299.600 


263150 


19.13 


366.00 


61 


1 150 


1322,500 


260860 


19.29 


372.10 


66 


1160 


1345,600 


258610 


19.46 


378.70 


66 


1170 


1368,900 


256400 


19.63 


385-30 


68 


1180 


1392,400 


254230 


19.80 


392.10 


67 


1 190 


1416,100 


252100 


19.97 


398.80 


64 


1200 


1224,000 


250000 


20.13 


405.20 


69 


1210 


1464.100 


247930 


20.30 


412.ro 


69 


1220 


1488,400 


84590O 


20.47 


419.00 


70 


1230 


1512.900 


243900 


20.64 


426.00 


66 


1240 


1537,600 


241930 


20.80 


432.60 


71 


1250 


1562,500 


240000 


20.97 


43970 


72 


1260 


1587,600 


238090 


21.14 


446.90 


72 


1270 


1612.900 


236220 


21.31 


454.10 


69 


1280 


1638.400 


234370 


21.47 


461 .00 


73 


1290 


1664,100 


232560 


21.64 


468.30 


74 
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X 


X* 


" 




■rrc 


LC 


D 


1300 


1,690,000 


230760 


2I.8I 


475-70 


.74 


I3IO 


1,716,000 


229010 


21,98 


483-10 


-75 


I320 


1,742,400 


227270 


22.15 


490.60 


-72 


I330 


1,768,900 


225560 


22.31 


497.80 


75 


134° 


1,795,600 


223870 


22.48 


505-30 


-77 


■350 


1,822,500 


222220 


22.65 


513-00 


78 


1360 


1,849,600 


220590 


22.82 


520-80 


-73 


I370 


1,876,900 


218970 


22.98 


528.10 


-78 


i38o 


1,904,400 


217390 


23.15 


53590 


■79 


1390 


1,932,100 


215830 


2332 


543-80 


A) 


1400 


1,960,000 


214380 


23-49 


551-80 


.80 


1410 


1,988,100 


212760 


23.66 




-7B 


1420 


2,016,400 


21 1260 


23.82 


56740 


-81 


1430 


2,044,900 


209790 


23.99 


575-50 


-82 


1440 


2,073,600 


208340 


24.16 


583-70 


-82 


1450 


2,102,500 


206900 


24-33 


591-90 


■79 


1460 


2,131,600 


205470 


24.49 


599-80 


■83 


1470 


2,160,900 


204080 


24.66 


608.10 


■84 


1480 


2,190,400 


202700 


24-83 


616.50 


■85 


.1490 


2,220,100 


201340 


25-00 


625.00 


-80 . 


1500 


2,250.000 


200000 


25-17 


63350 


.81 


1510 


2,280,100 


igSfiSo 


25-33 


641.60 


.86 


1520 


2,310,400 


197360 


25-50 


650.20 


.88 


1530 


2,340,900 


196070 


25.67 


659.00 


.87 


1540 


2,371,600 


194800 


25-84 


667.70 


-83 


1550 


2,402,500 


193540 


26-00 


676.00 


-89 


1560 


2,433,600 


192310 


26-I7 


684-90 


-89 


1570 


2,464,900 


191060 


2634 


693-80 


.90 


1580 


2,496,400 


189860 


26.51 


702.80 


-90 


1590 


2,528,100 


188670 


26.68 


711.80 


-86 


1600 


2,560,000 


187500 


26.84 


720.40 


-91 


1610 


2,592.100 


186340 


27.01 




-92 


1620 


2,624,400 


1S5190 


27.18 


738.70 


■93 


1630 


2,656.900 


184050 


27-35 


748.00 


■93 


1640 


2.689,600 


182930 


27-52 


757-30 


■89 


1650 


2,722,500 




27.68 


766-20 


-94 


1660 


2,755,600 


180730 


27.8s 


775-60 


.96 


1670 


2,788,900 


179640 


28.02 


785.20 


-94 


1680 


2,822,400 


178570 


28.19 


794,60 


■91 


1690 


2,856,100 


177510 


28.3s 


803,70 


97 


1700 


2,890,000 


176460 


28.52 


813-40 


■97 


1710 


2,924,100 


I7S440 


28.69 


823.10 


■98 


1720 


2,958,400 


174420 


28.86 


832.90 


•93 


1730 


2,992.900 


17341O 


29.02 


842.20 


-98 
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1 


k 


x> 


A 




JVC 


LC 


D 


1740 


3,02«,6oo 


1724IO 


29.19 


852.00 


l-OO 


1750 


3.062,500 


171430 


2936 


■ 862.00 


1.00 


1760 


3,097,600 


170450 


2953 


872.00 


100 


1770 


3,132,900 




29.70 


882.10 


-95 


1780 


3,168,400 


168540 
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MesGO Radio Buzzer Eif-^"^'"^ 

The Radio Officers of the NC planes, after test- 
ing all other buzzers, decided to use the "Mesco" 
on their radio equipment. The E-34 was equipped 

Why? Because of its reliabihty and constancy 
in operation; greater output efficiency; ease of 
adjustment; unaffected by extreme variations in 
weather conditions; no exposed wires. 

Sparking is almost entirely eUminated, so that 

the energy lost in light and heat in the operation 

of other buzzers is here conserved and radiated 

in the form of oscillating energy. 

This buzzer maintains a constant note and is recommended as an exciter for 

checking wave-meters where pure note and ample energy are required. 

Weighs 4 ozs. packed. 

List No. 55 — Mesco Radio Buzzer. Price, Postage Extra $2.05 




Mesco Relay Operating Morse Key 

This key is made in accordance 
with the specifications of the U. S. 
Bureau of Steam Engineering and 
is of the very highest grade of 
workmanship. It is designed to 
enable the operator to secure max- 
imum speed. Weighs 11 ounces 
packed. 
List No. 81 — Meaco Relay Operating Morse Key. Price, postage extra. .$2.93 





Mesco Combination Practice Set 

For LeaminsT the Morse anii Continental Codes 

Consists of a regular telegraph key with- 
out circuit breaker, a special high pitch 
buzzer, miniature lamp socket, lamp, 
three binding posts, switch for transfer- 
ring current from lamp to buzzer, all 
, -^^^^^H-^aHE^-- n^^^HK mounted on a pohshed hardwood base. 
L li^i ^^^ /F^-^S^ Price includes one RED SEAL Dry 
Battery with four feet of green silk 
covered flexible cord and diagram of 
connections. Weighs 4 pounds packed. 

List No. 52 — Meaco Combination Practice Set. Price, poatage extra HM 

We carry the largest and most complete fine of Wireless material in the 
world and will forward our 

Wireleax Catalog AlO on Receipt of ReqtKat 
We solicit your inquiries and orders and as we have Radio experts in all of 
our stores you are sure of receiving accurate information and prompt service. 

Manhattan Electrical Supply Co. Inc. 

17ParkPlace 110W.42dSt. 127W.125thSL 
NEW YORK 

CHICAGO ST. LOUIS SAN FRANCISCO 

114 S. W.Ui St. 1106 PlB. St. S04 M1h1« St. 

FACTORIES; JERSEY CTTY, N. J. ST. LOUIS. Mo. RAVENNA. Q. 
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DUBILIER MICA CONDENSERS 




NOW cost less than LEY- 
DEN JARS, considering their 
increased efficiency, life and 
cost of installation. 

, , OVER 100,000 in service. 

.004 mfd. units tested at 21,000 volts, 19 amperes, ready 
for immediate delivery, $22.00 each. 
Catalog sent upon request. 

DUBILIER CONDENSER CO., he 

217 Center Street, New York. 
For England Addrm—! Docod WorkcGoMlutwk RoadiShepberdaBaihiW. 12, London. 
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OT^ Boylstots. St. -^ "__ 

Boston '- Mus. 

The United States is building the largest Merchant Marine the world has ever 
known. Thousands and thousands of Radio operators are needed. Splendid ap- 
pointments, attractive salaries and rapid advancement characterize this fascinating 
work. The EASTERN RADIO INSTITUTE offers more unusual advantages to 
young men interested in Commercial Radio than any other school in the country. 
The staff takes a personal, individual and sustained interest in the progress of 
every student. The systematically planned and thoroughly executed course of 
practical instruction brings splendid results. The welfare of non-resident students 
is carefully provided for. The institute is endorsed bv Marconi and Government 
officials. Why not take advantage of our superior SERVICE? 

"Oar gradaatt arm in aatry branch of radio lOork — all oiMr tha toortd" 
nd for prospectus. 
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The Man Who Builds His 
Own Wireless Apparatus 

Are you one of the men who takes more interest in 
constructing his own wireless apparatus than in 
purchasing- the complete set from the manufacturer? 
You have thousands of fellow enthusiasts all over 
this country. There surely is heaps of satisfaction 
in "making your own" apparatus and knowing ex- 
actly the kind and quantity of material that goes ■ 
into each working unit. 

Your insulation may be good or bad according to the 
material used. Ask any of the former amateurs 
and experimenters what satisfaction they secured 
from genuine 

BAKELITE DILEGTO 

then ask the modern wireless man what he thinks 
of this insulation. You will f\nd BAKELITE" 
DlLECTO"s^'i wherever insulation is needed 
in the better types of modern apparatus. 

It's so convenient to use because it is furnished in 
Sheets, Rods and Tubes. Waterproof, permanent 
and strong. 

We also manufacture Vulcanised Fibre and Conite 
for special insulating purposes. 

Let us show you how our Standard Products 
can be made to solve .your insulating prohlena 

THE CONTINENTAL FIBRE CO. 

NEWARK, DELAWARE 

233 Broadway, New York City 332 S. Michigan Ave., Chicago, IIL 

525 Market St., San Francisco, Cal 411 S. Main St., Los Angele*, Cat 

301 Fifth Ave,, Pittsburgh, Pa. 
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